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ABSTRACT 

Ibe  reactions  of  ketonesi  aldehydes,  and  acetylenes  with  dlfluorsmlne  In 
sulfuric  acid  have  produced  gsn»dl fluoramines .  niese  are  the  first  widely 
applicable  methods  for  the  preparation  of  this  class  of  cootpcunds.  Other  reac¬ 
tions  noted  with  HIIF2~ sulfuric  acid  and  some  substrates  Include  Michael  additions, 
cycllsatlons,  and  nltro  replacements. 

The  fluorinatlon  of  nitrogenous  compounds  In  aqueous  solution  has  been 
extended  to  vairlous  amides,  ureas,  and  carbaauites.  Simple  R- fluorinatlon  is 
often  accompanied  by  fluorlnatlve  cleavage.  Ibe  latter  course  has  lead  to  alkyl 
dl fluoramines . 

Ethyl  H-fluorocarbamate  has  been  obtained  from  ethyl  carbamate.  This 
fluorocarbamate  has  been  converted  to  a  salt  which  undergoes  a  number  of  reac¬ 
tions  such  as  alkylation  and  halogenatlon. 

A  small  amount  of  effort  has  been  devoted  to  the  reaction  of  anions  with 
tetrafluorohydraslne,  attempted  preparation  of  chlorotrlfluorohydrazlne,  prep¬ 
aration  of  nltro  plasticizers  and  mcmcmers  containing  the  fluorodlnltroethyl 
group,  8U3d  the  prepeuratlon  of  hydrazine  salts  of  nltrsmlnes. 
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I.  INTRODUCTION 

IJils  report  suonarlzes  the  research  under  Contract  Nonr-2695(00)>  ARPA 
Order  No.  170-6I,  Project  Code  9100,  during  the  period  1  September  i960  through 
31  August  1961.  nie  work  performed  from  1  September  i960  to  5I  May  196I  hw 
been  reported  in  Aerojet-Oeneral  (iiarterly  Reports  Nos.  0e35“Ol-9»  0235-01-10, 
and  0235-01-11  and  will  be  sumnarized  here.  The  applicable  reports  will  be 
listed  for  each  section.  Experimented  details  will  be  Included  only  for  the 
work  of  the  final  quarter.  IMs  work  is  a  direct  continuation  of  the  research 
under  Contracts  Nonr  2655(00)  and  NTonr  ^2,  Task  Order  1,  vdilch  has  been  sum¬ 
marized  in  Aerojet-Generad  Reports  No.  II62,  I318,  1509,  I685,  and  I877. 


During  the  past  year  empheMls  has  been  placed  upon  investigations  leeidlng 
to  NF  compounds.  However,  a  limited  effort  has  also  been  devoted  to  the  study 
of  selected  nltro  ccxnpound  synthesis.  Thus,  a  few  potentlsd  moncmers  euid  plasti¬ 
cizers  have  been  prepared  which  contain  the  fluorodlnltroethyl  group.  The  di- 
hydrazine  sedt  of  methylenedlnitramine  was  prepared  as  a  potential  solid  oxidizer 
In  hopes  that  It  would  possess  properties  superior  to  those  of  hydrazine  nltro- 
formate  and  hydrazine  perchlorate. 


Efforts  in  the  NF  field  have  included  (1)  reactions  of  anions  with  tetra- 
fluorol^drazine,  (2)  attempted  preparation  of  chlorotrlfluorohydrazlne,  (3) 
reactions  of  dlfluoramlne,  and  (4)  fluorination  in  aquecus  solution.  The  first 
of  these  was  concerned  with  a  limited  extension  of  work  described  earlier.  Re¬ 
examination  of  results  reported  by  Aerojet-Oeneral  at  em  earlier  time  tends  to 
confirm  the  observations  of  Esso  that  products  obtained  from  the  salts  of  gem- 
dinltro  cempounds  and  tetrafluorohydrazine  do  in  fact  have  the  structural  feature 


(N02)2 


C-N 


NF. 
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Work  on  the  second  area  of  N7  effort  hais  not  been  ccnpleted.  ^Dius  far. 

It  has  not  been  possible  to  Identify  chlorotrlfluorohydrazine.  Hovever,  the 
route  chosen  through  CI2NF  has  given  an  unstable  material  vhlch  may  be 

the  desired  product. 

Significant  accomplishments  have  been  realized  In  the  last  two  areas. 

The  study  of  the  reactions  of  dlfluoramine  has  proved  to  be  em  extremely  exciting 
area  of  endeavor.  For  the  first  time  It  has  beccme  possible  to  prepense  gem- 
dlfluoramlnes  In  a  manner  idilch  appears  to  be  a  generaLL  one.  Two  types  of 
functional  groups  have  been  found  which,  upon  reaction  with  dlfluoramine  In  the 
presence  of  concentrated  sulfuric  acid,  yield  the  desired  structures.  Although 
It  is  still  too  early  to  fully  evaluate  the  Impact  this  reaction  will  have  upon 
the  use  of  NF  compounds.  It  may  prove  to  be  as  Important  to  development  of  NF 
chemistry  as  oxidative  nitration  was  to  nltro  chemistry. 

Earlier  achievements  In  the  last  area  of  Investigation  were  Instnimental 
in  developments  leading  to  the  successes  of  the  third.  Without  the  Impetus  of  a 
readily  available  source  of  dlfluoramine  through  the  fluorinatlon  of  a<]ueou8  urea, 
It  Is  pos&lb].e  that  the  methods  for  preparation  of  the  gsm-dlfluoramlnes  may  have 
been  overlooked.  Important  extensimis  have  been  made  to  the  aqueous  fluorinatlon 
technique  during  the  past  year.  Novel  fluorlnatlve  degradations  of  substituted 
ureas  and  carbamates  appear  peurtlcularly  attrawjtlve  as  selective  alternate  routes 
to  organic  dlfluoramine  confounds. 

II.  TECHNICAL  PROGRESS 

A.  REACTIONS  OF  niFLOCRAMINE  (K.  Baum) 

1.  Discussion 

a.  Simple  Ketones 

t-Butyldifluoramlne  has  been  prepared  by  the  reaction  of 
dlfluoramine  with  either  Isobutylene  or  t-butanol  in  concentrated  sulfuric  acid.* 


^rterly  Progress  Report  on  Synthetic  Ctoemlstr^',  Rohm  &  Haas  Report  No.  P-60-I8, 
lo  November  i960,  p.  ^  (ConfldentieJ.). 
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The  rather  suxrrlslng  stability  of  dlfluoramine  and  the  adduct  in  concentrated 
sulfuric  acid  suggested  the  possibility  of  condensing  two  moles  of  difluoramlne 
with  carbonyl  compounds  to  prepare  gem-difluoramines . 

The  first  example  of  this  reaction  vas  the  synthesis  of 
2,2-bl8(dlfluoramlno)propane  frcm  acetone  and  difluoramlne  in  sulfuric  aicld. 

Yields  of  2,2-bis(dlfluoramino)propane  tfere  generally  In  the  neighborhood  of 
75^1,  although  in  one  reaction  a  95^  yield  vas  obtained.  In  one  case,  crystals 
of  the  product  were  formed  at  the  top  of  the  reflux  condenser,  indicating  that 
an  appreciable  loss  of  product  vas  caused  by  volatility.  The  reeictlon  has  been 
carried  out  both  by  adding  acetone  to  a  refluxing  mixture  of  difluoramlne  and 
sulfuric  acid  at  rocm  temperature  and  by  adding  sulfuric  acid  to  a  mixture  of 
difluoramlne  and  acetone.  The  yield  was  unaffected  by  the  order  of  addition. 

The  concentration  of  the  sulfuric  acid,  however,  was  critical,  and  if  acid  of  less 
than  92^  concentration  was  used,  no  gem-di f luoramlne  was  formed. 

The  reactions  of  several  other  8ln5>le  ketones  with  di¬ 
fluoramlne  in  concentrated  sulfuric  acid  were  investigated  in  order  to  show  the 
generality  of  the  reaction.  Cyclopentanone,  cyclohexanone,  and  J-pentanone  gave, 
respectively,  1, l-bis(difluoramlno)cyclopentane,  1, l-bl8(dlfluoramlno)cyclohexane, 
and  5^ 5"tls(dlfluoramlno)pentane. 

A  limited  Investlgatim  vas  made  of  other  acidic  cata¬ 
lysts  for  this  reaction.  The  reaction  of  acetone  failed  in  byk  phosphoric  acid 
or  10^  sulfuric  acid  in  sulfur  dioxide.  Cyclohexsuione  did  not  give  a  gem- 
dlfluoramine  when  trlfluoroacetlc  emhydrlde  vas  used.  An  attempted  reaction  of 
3-pentanone  In  methanesulfonlc  emhydrlde  was  also  unsuccessful.  PUmlng  sulfuric 
acid,  however,  gave  more  satisfactory  results  in  some  cases  than  did  the  ordinary 
concentrated  acid. 

The  difluoramlne  used  in  this  work  vas  prepared  by 
heating  an  acidified  aqueous  solution  of  difluorourea.  The  reactions  were  carried 


4 

High-Energy  Oxidizer  Binders  for  Solid  Propellants,  Aerojet-General  Report  No. 
0371-02-2,  15  July  i960  (Confidential). 
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out  at  atmospheric  pressure,  vlth  a  nitrogen  sweep,  and  the  dlfluoramlne  was 
refluxed  In  the  reaction  flask  hy  means  of  a  -6o°C  condenser.  The  dlfluorourea 
was  prepeured  in  4>mole  hatches,  and  could  be  stored  In  a  refrigerator  for  1  to 
2  weeks.  Storage  of  frozen  aliquots  of  the  urea  solution  in  the  generator  flasks 
In  a  dry  Ice  chest  proved  more  satisfactory,  with  no  detectable  decomposition 
after  two  months. 


The  reaction  could  cot  be  applied  to  all  classes  of 
ketones.  Thus,  acetophenone  did  not  form  a  gem-dlfluoramlne,  and  stcurtlcg 
material  was  recovered.  The  failure  of  this  reaction  may  be  due  to  the  high 
stability  of  the  Initially  formed  cation, 


®  OH 

CgH^-C-CHj 


OH 

CgHj-C-CHj 


which  Is  stabilized  by  the  aromatic  ring.  It  has  been  shown  that  the  reverse  of 

the  alkylation  reaction  can  occur  if  a  sufficiently  stable  carbonlum  Ion  can  be 

formed;  trityl  dlfluoramlne  In  sulfuric  acid  formed  the  trltyl  carbonlum  Ion 
* 

and  dlfluoramlne. 


The  reaction  of  camphor  with  dlfluoramlne  in  sulfuric 
acid  aQ.so  yielded  only  unchanged  starting  material,  eilthough  there  was  evidence 
for  the  formation  of  the  dlfluoramlcoalcohol  In  the  absence  of  acid. 


The  failure  of  the  reaction  In  acid  to  proceed  to  the  gem-dlfluoramlne  may  be 
caused  by  the  reduced  carbonyl  carbon-carbon  bond  angle  of  the  strained  system 
at  the  carbonyl  group.  Since  this  strain  Is  partially  relieved  In  the  dlfluor- 
aminoalcohol,  the  activation  energy  In  converting  this  alcohol  to  the  carbonlum 
Ion  would  be  greater  In  this  ceise  than  in  the  case  of  an  unstrained  ketone. 


Quarterly  Progress  Report  on  Syndetic  Chemistry,  Rohm  &  Haas  Report  No.  1-60-18, 
II,  l8  November  I960,  p.  23  (Confidential). 
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A  single  ej^eriment  was  carried  out  to  investigate  the 
feasibility  of  using  gem-difluoraaines  as  storable  mooopropellants .  Thus,  2,2- 
bl8(dlfluorainlDo)prppane  was  recovered  fraa  its  solution  in  1009^  nitric  acid 
after  3  hr  at  ambient  tenqperature.  This  area  merits  further  investigation. 

b.  Dihetones 

The  reaction  was  next  extended  to  diketones.  Several 
attempts  were  made  using  1, 4-cyclohexanedione,  as  the  starting  material. 


Ihe  reaction  proceeded  erratically  when  sulfuric  acid  was  added  to  a  refluxing 
mixture  of  ihe  dlone  and  dlfluoramine.  Cheurlng  occurred,  and  stsirting  material, 
as  well  as  material  containing  hydroxy  and  NF  groups,  was  recovered.  The 
desired  reaction  proceeded  smoothly,  however,  when  the  dione  was  first  dissolved 
in  concentrated  sulfuric  acid  and  the  dlfluoramine  was  then  introduced  and 
allowed  to  reflux  for  4-1/2  hr.  The  tetrakl8(dlfluorainino) cyclohexane,  which 
was  obtained  in  high  yield,  melted  at  103°C,  with  a  phase  change  at  80°C.  It 
was  purified  by  sublimation  at  ambient  temperature  at  about  0.1  m  Hg.  This 
reaction  has  recently  been  seeded  up  on  smother  program.  ^  using  remote 
operation  technlqmes,  50  g  of  the  product  was  prepared  in  one  batch  in  85?t  yield. 

The  reaction  of  acetonylacetone  did  not  yield  tetrakis 
(difluoramlno) hexane,  but  rather  2, 5“biB(difluoramlno)-2,  5-dlmethyltetrsdiydrofuram. 
This  product  could  be  fonaed  by  the  Intramolecular  attack  of  a  carbonium  ion  on 
a  cambonyl  or  hydroxyl  oxygen  by  a  route  such  as  the  following; 


^Contract  Nord  I8386. 
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CHjCCHgCHgCCHj 


HHP„ 


CHjCCHgCHgCCHj 


NP, 


f  f  H®’ 

CH-CCHgCHgCHgljCHj  — ■ 


OH 


CHj(j;CH2CH2(^CHj 
NP„  HP« 


'A 


0 

n 


CHjCCHgCHgCCHj 


NP„ 


Attaapts  to  react  1, 5''Pentanedlone  or  2, 3**'hutanedlone  vltfa 
dlfluoramlne  In  sulfuric  acid  were  unsuccessful. 

c.  Haloketones,  hydroxyketones  and  ketoaclds 

Ihe  effect  of  vsurious  functional  groups  on  the  reaction 
was  examined.  Ihe  reaction  of  chloroacetone  with  difluoramine  In  sulfuric  acid 
proceeded  smoothly  to  give  l-chloro-2, 2-bls(difluoraalno)propane. 

HNP  ^2 

ClCVC-CHj 

0  NFg 


It  was  expected  that  the  reaction  of  acetol  with  dl- 
fluoramlne  would  proceed  In  a  similar  manner  to  form  2, 2-'bls(dlfluoramlno)propeu3ol. 


CH-CCH„0H 

JM  C 
0 


HNFp 
- ^ 


^2 

CH>CCH„OH 

J I  ^ 


NF. 


A  solid  product  was  obtained  (mp  69*^)  which  was  sublimed  at  about  0.1  mm  Hg.  On 
the  basis  of  the  low  volatility  and  Infrared  and  elanental  analysis,  the  product 
was  Identified  as  a  dimeric  ether  of  the  initial  HNFg  adduct. 


CONFIDENTIAL 


Page  6 


1 


CONFIDENTIAL 

II  Technical  Progress,  A  (cont.) 


Report  No.  2099 


1 


1 


OH 


CHjCCHgOH 

0 


HNF., 


CHjCCHgOH 


NP. 


NF. 


c  — 


NP„ 


HgC^ 

or  CHj  —  C 


C  —  NF„ 

I 


NPg^O 


The  available  data  does  not  allow  us  to  distinguish  between  these  structures. 

The  first  ketoausld  which  was  examined  In  the  dlfluoramlne* 
sulfuric  acid  reaction  was  levulinic  acid,  which  yielded  only  4-dlfluoramlno-y- 
valerolactone.  The  Intermediate  hydroxyacld  apparently  undergoes  esterification 
through  a  carbonium  or  acylium  Ion. 


OH 

CHjCCHgCHgCOH 

^2  .  0 


OH 

CHjCCHgCHgC  -  0 


CHjCCHgCHgCOH 


NP„ 


1 


NP. 


CHj 

NP, 


X 


/ 


X  0 

I 

H 


=  0 
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To  determine  whether  ring  formation  Is  a  necessary 
driving  force  for  the  esterification  of  the  dlfluoraml noalcohols  in  siilfuric 
acid,  the  acetone-dlfluoramlne  reaction  was  carried  out  with  the  addition  of  a 
stoichiometric  amount  of  acetic  acid.  The  gcn-dlfluoramlne  was  formed  in  this 
experiment  in  955^  yield. 

The  acid-catalyzed  reactions  of  several  other  ketoacids 
with  difluoramine  have  been  carried  out,  although  aneOytical  data  were  not  ob¬ 
tained  because  the  products  presented  difficult  problems  in  purification.  How¬ 
ever,  the  infrared  spectra  indicated  that  NF-containlng  acids  were  formed  from 
pyruvic  acid,  2-ketoglutaric  acid,  auad  3-hetohexanoic  acid. 

d.  Hi troke tones 

When  polynitroketones  were  used  as  starting  materials, 
no  reaction  took  place.  Thus,  in  the  reactions  of  5- (trinitromethyl) cyclohexanone, 
5,  5,  5-trinitro-2-pentanone,  and  5, 5-dliaitro-2-hexauione,  starting  material  was 
recovered.  Reactions  were  observed,  however,  with  mononitro  ketones.  5“Methyl-5” 
nitro-2-hexanone  underwent  a  novel  denitration  reaction  to  give  2,  5>  5-trlmethyl- 
2-(dlfluoramino)tetrahydrofuran,  Ibis  reaction  probably  tocJt  place  by  the  pro- 
tonatlon  of  the  nltro  group  followed  by  the  loss  of  nitrous  acid. 


Research  in  Nltropolymers  emd  Their  Application  to  Solid  Snokeless  Propellants, 
^  Aero Jet- General  Report  No.  590,  27  March  1952,  p.  7^  (Confidential). 

Research  in  Nltropolymers  and  Ibeir  Application  to  Solid  Smokeless  Propellsmts, 
Aerojet- General  Report  No.  563,  31  Dec^ber  1951.  p.  70  ( Confidential K 
Research  in  Nitromonomers  and  Their  Application  to  Solid  Smokeless  Propellants, 
Ohio  State  University,  Report  No.  1,  15  May  1950,  p.  9  (Confidential) . 
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(CHj)2CCH2CHgMHj  (CHj)2C^CH2CCHj 

N0«  0  N'"^  0 

y 

(CHj)2CCH2CH2CCHj  +  HNOg 

0  ° 

I  HHF2 

CHj  -  C  C  -  CHj 

CHj  ^0^  ^2 


CH2-  CHg 


» 

When  3*nltro-2ohexanone  was  used  as  the  starting 
material,  this  reaction  was  not  observed.  Hie  infrared  spectrum  of  the  product 
showed  NFg  and  nltro  bands,  but  only  a  trace  of  ceurbomyl.  Hie  product,  however, 
decomposed  in  an  attempted  purification  by  gas  chromatography.  Hiis  reaction  was 
repeated,  and  the  product  was  purified  by  column  chromatography  on  acid-washed 
alumina.  The  elemental  analysis  emd  infrared  spectrum  (Figure  l)  showed  that  the 
compound  was  5"nitro-2, 2-bls(dlfluor6unino)hexane. 

NO2  NO2  ^2 

CHjCHCHgCHgCCHj  - >  CHjCHCHgCHgCCHj 

0  NPg 


This  is  the  first  example  of  a  gem- di f luoramine  with  an  oxygen- containing  func' 
tional  group.  Since  this  compound  is  soluble  in  sulfuric  acid,  it  is  apparent 
that  insolubility  of  the  gem-difluoramlnes  in  sulfuric  acid  is  not  a  necessary 
driving  force  for  the  reaction. 


* 


H.  Schechter,  J.  Am.  Chem.  Soc.,  l}t>  5664  (1952). 
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The.  active  hydrogen  adjacent  to  the  nitro  group  provides 
a  handle  for  possible  further  reactions,  such  as  ketone  formation  by  the  Nef 
reaction  or  fomylation. 

In  connection  vdth  the  reaction  of  5"®ethyl“5-nitro-2- 
hexanone  to  form  2,  5>  5"trimethyl-2(difluoramino)tetreaiydrofuran,  it  was  of 
interest  to  determine  whether  tertiary  nitro  groups  can  generally  be  replaced  by 
difluoramino  groups  under  these  conditions.  Thus,  t-nitrobutane  was  treated  with 
difluoramine  in  sulfuric  acid.  No  insoluble  ligaid,  indicative  of  t-butyldifluor- 
anine,  was  formed,  however,  and  quenching  the  solution  yielded  acetone  and  its 
HNPg  adduct.  In  order  to  ascertain  whether  t-butyldifluoramine  was  an  inter¬ 
mediate  in  this  reaction,  the  preparation  of  this  ccopound  from  t-butanol  was 
repeated.  Although  it  separated  quickly  as  an  insoluble  layer  and  could  be 
Isolated  by  vacuum  transfer,  on  prolonged  stcmding,  the  product  dissolved  eigaln 

in  the  acid.  A  similar  observation  was  maide  previously  by  workers  at  Robn  and 
« 

Haas.  Qienchlng  the  acid,  however,  yielded  the  same  products  that  were  obtained 
from  t-nltrobutane.  This  reaction  may  teJte  place  by  the  sulfonation  of  t-butyl- 
difluoramine  or  Isobutylene  to  give  methanesulfonic  acid  and  an  acetone 
derivative. 


e.  Olefins  and  Olefinic  Ketones 

Isoprene  also  underwent  cleavage  under  these  conditions 
to  yield  2, 2-bis( difluoramino )propane.  Although  this  reaction  may  follow  the 
above  coturse,  an  alternate  mechanism  is  available  involving  the  reverse  of  olefin 
alkylation. 


Dr.  William  H.  Graham, 


Private  Comnunication,  December  i960. 
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H 

CHg  -  C  -  C  =  CHg 


CH,  C  -  CH  »  CH« 
3  I  2 

NF« 


CHj  -  C  -  ®  CH  -  CHj 


?«3 


CHj  C  -  CHg  CHg 


<<V 


NP. 


(CHj)2  C(NF2)g  & 


CH, 
I  3 


CHj  C  ®  +  CHg  =  CHg 


NF. 


Oleflnlc  gem-dlfluoramlnes  have  not  yet  been  prepared 
from  luisaturated  ketones.  When  3'‘bexene>2-one  was  used  as  the  starting  material, 
2,  5"dlmethyl-^(difluorainino)tetrahydrofuran  was  formed.  The  reaction  apparently 
proceeds  by  protonation  of  the  olefin,  followed  by  cycllzation  and  attack  by 
dlf luoramine : 


CHg^CHCHgCHgCCHj 


?«2  “  f«2 

CH,-CH  C  -  CH, 
3  \  /  \  3 

0^  NFg 


CHjCHCHgCHgCCHj 

®  i  ° 

CH,-CH  C  “  CH, 


The  reaction  of  methyl  vinyl  ketone  with  difluoramine  in 
sulfuric  acid  has  yielded  trls(dlfluoraaiino)butane.  When  an  insufficient  amount 
of  difluoramine  was  used,  however,  a  product  was  formed  which  retained  the  in¬ 
frared  carbonyl  band  of  the  starting  material  but  lost  the  olefin  band.  Thus, 
the  first  step  appears  to  be  an  acid- catalyzed  Michael  aiddltion  followed  by  the 
replacement  of  the  carbonyl. 
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CHg  «=  CH  -  C  -  CHj 


H 


HNP. 


CH«  -  CH  -  C  -  CH, 


OH 


NFgCHgCHg  =  C  -  CHj  ^ ^  (+)  CH2-CH=C-CH 


OH 


NP 

HHP.  72 

NFgCHgCHgCCHj  - ^  NPgCHgCHgCCHj 

0  NP^ 


OH 


The  Initially  formed  carbonlum  ion  would  react  with  difluoramlne  to  give  pre¬ 
dominately  the  terminally  substituted  product,  since  addition  to  the  carbon  con 
talnlng  the  hydroxyl  group  should  be  rapidly  reversible. 


This  mode  of  addition  was  confirmed  for  the  acid- 
catalyzed  addition  of  difluoramlne  to  acrylic  acid  to  give  p-(difluoramino)pro- 
plonic  acid. 


CHg 


CHCOOH 


H 


4  CH„  »  CH  -  C  -  OH 
^  ^  ' 


HUP. 


NFgCHgCHgCOOH  <- 


OH 


CH„  -  CH  *  C  -  OH 

^  I 

OH 


An  attempt  to  extend  this  reaction  to  acrylonitrile  was  unsuccessful,  and  starting 
material  was  recovered. 

The  reaction  of  furans  with  difluoramlne  in  sulfuric  acid 
was  also  undertaken  as  an  extension  to  the  addition  of  difluoramlne  to  iinsaturated 
compounds,  2,  5-Dlinethylfuran  yielded  eui  unknown  NF  compound  in  a  poorly  repro¬ 
ducible  reaction.  Two  attempts  to  use  furan  as  the  starting  material  resulted  In 
explosions  after  the  addition  of  the  first  drop  to  the  mixture  of  difluoramlne 
and  sulfuric  acid. 
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f.  Aldehydes 


Aldehydes  have  also  been  converted  to  gem-dlfluoramlnes, 
although  the  reactions  were  more  sensitive  to  conditions  than  those  of  ketones. 
Thus,  the  reaction  of  propionaldehyde  with  dlfluoramlne  in  concentrated  sulfuric 
acid  yielded  a,a'-bis-(dlfluoramlno)propyl  ether  and  1, l-bi8(difluorainine)propane 
with  the  relative  yield  of  the  latter  increasing  with  the  amount  of  acid  used. 
When  fuming  sulfuric  acid  was  used  Instead  of  the  reagent,  the  product  con¬ 
sisted  almost  entirely  of  the  gem-difluoramine . 


HNF 


NPg  NPg  NFg 

CHjCHgCH  +  CHjCHgCH-OCHCHgCHj 


The  reaction  of  trioxsine  with  HNFg  in  sulfuric  acid  has 
given  a,a'-bi8(difluoramlno)methyl  ether  rather  than  bis(difluoramlno)methane.  The 
latter  compound,  however,  was  formed  in  high  yield  when  fuming  sulfuric  acid  was 
used.  The  infrared  spectrum  (Figure  2)  contained  strong  infrared  peaks  at  10.0  and 
10.4  n,  which  are  usually  shown  by  gem-difluoramlnes .  This  curve  is  quite  different 
from  that  of  a,a’-bi8(difluoramino)methyl  ether.  A  Dumas  nitrogen  analysis  on  a 
sample  measured  by  gas  volume  Indicated  two  nitrogen  atoms  per  molecule.  An  explo¬ 
sion  occurred  while  3  nil  of  the  liquid  was  being  transferred  from  a  trap  adjacent 
to  the  reactor  to  a  vacuum  system  through  30  ft  of  l/U-in.  stainless  steel  tubing. 
The  glassware  in  both  areas  was  demolished,  showing  propagation  through  the  long 
tubing.  Since  this  sample  was  not  analyzed,  no  firm  conclusion  could  be  made  re¬ 
garding  the  stability  of  pure  bi3(dlfluoramlno)methane.  However,  caution  is 
obviously  indicated  for  work  with  this  compound. 

The  reaction  of  chloral  hydrate  with  difluoramine  in 
concentrated  sulfuric  acid  did  not  give  a  product  insoluble  in  the  acid.  The  in¬ 
frared  spectrum  of  the  material  that  was  Isolated  after  water- quenching  suggested 
a  mixture  of  the  starting  material  and  the  alcohol  derived  from  the  addition  of 
difluoramine  to  the  carbonyl. 


*  ,  , 

Quarterly  Progress  Report  on  Synthetic  Chemistry,  Rohm  &  Haas  Report  No.  P-60-24, 

Ft.  II,  13  February  19^1,  p.  5  (Confidential). 
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not  identified. 


Olyoxal  gave  a  lov  yield  of  an  NF  cempound  which  was 


g.  Acetylenes 

Another  new  reaction  for  the  synthesis  of  NF  cempounds 
is  the  acid- catalyzed  addition  of  dlfluoraoiine  to  acetylenes.  Ihis  reaction  was 
carried  out  in  the  same  manner  as  the  reaction  of  difluoramlne  with  carbonyl 
compounds  in  sulfuric  acid.  Both  1-hexyne  and  3*'hexyne  gave  bls(dlfluoramlno)- 
hexanes;  as  shown  by  elemental  analysis.  Die  NMR  spectra*  of  both  adducts 
(Figures  3  and  4)  were  single  lines,  slightly  broadened  by  N^^  queuirupole  coupling 
showing  that  the  NFg  groups  are  on  the  same  carbon.  Die  proton  spectra  (Figures 
3  and  6)  were  too  complicated  for  direct  assignment  because  of  the  molecular 
asymmetry. 

A  control  experiment  was  carried  out  to  test  the  possi¬ 
bility  that  the  addition  of  HNFg  to  acetylenes  proceeds  through  the  hydration  of 
the  triple  bond  to  give  a  ketone.  3“Hexyne  was  treated  with  sulfuric  acid  under 
approximately  the  conditions  used  for  the  HHPg  reactions.  A  yield  of  5-hexa- 
none  was  Isolated.  Although  this  result  suggests  that  the  HNFg  addition  follows 
the  hydration  of  the  triple  bond,  the  possibility  that  the  direct  addition  of 
HNFg  to  the  triple  bond  tsdees  place  at  a  futer  rate  than  hydration  ceuinot  be 
ruled  out  completely. 


Die  addition  of  HNFg  to  propargyl  chloride  has  also 
been  accomplished.  Die  product  was  l-chloro-2, 2-bl8(dlfluoramino)propane,  which 
was  identical  with  the  product  previously  obtained  from  chloroacetone. 


HNFp 


An  attempt  to  carry  out  a  similar  reaction  with  propargyl  bromide  was  unsuccess¬ 
ful,  and  the  starting  material  was  recovered.  When  methyl  propargyl  ether  was 


* 

The  NMR  analysis  was  carried  out  by  Dr.  D.  W.  Moore,  U.S.  Naval  Ordnance  Test 
S-cation,  China  Lake,  California, 
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used  as  the  starting  material^  a  mixture  of  NF  ccmpounds  was  formed,  with  In¬ 
frared  absorption  in  the  ceirbonyl  (5*7  and  hydroxy  (2.9  >i)  regions.  When  this 
reaction  was  repeated  In  the  presence  of  mercuric  oxide  or  with  fuming  sulfuric 
acid  as  the  solvent,  these  peaks  were  absent  and  new  peaks  appeared  at  5.9  and 
6.0fias  well  as  In  the  NF  region.  Direct  addition  of  dlfluoramine  to  the  triple 
bond  might  take  place  under  these  conditions,  with  a  possible  rearrangement  of 
fluorine; 


HOC  - 


CHg^CCHgOCHj 

NF^ 


FCHgCCHgOCHj 

NF 


1,6-Heptadiyne  gave  a  high-boiling  product  with  Infrared  absorption  similar  to 
that  of  the  product  of  the  HgO-catalyzed  awiditlon  to  methyl  propeurgyl  ether. 
Phenylacetylene  gave  a  vigorous  evolution  of  gas  when  It  was  added  to  difluor- 
amine  and  sulfuric  acid.  No  product  was  isolated.  Proplollc  acid  underwent 
partial  reaction  under  the  usual  conditions  but  the  product  was  not  Identified. 
This  work  is  being  continued. 


Improved  analytlced  data  for  seme  of  our  previously 
prepared  products  is  given  In  the  experimental  section. 


2. 


Experimental 

a.  New  Analyses  of  Previously  Prepared  Ccmpounds 


d,  c;-Dis^.uirxuorainino  j 

Calc'd  for  CjHgNgPj^; 

propane; 

C,  24.6; 

Found; 

C,  24.5; 

1,  l-bl8(Difluoranilno)propane, 

Calc'd  for  C^H^Nj^Fj^: 

C,  24.6; 

Found; 

C,  24.9; 

3-(Difluoramlno)proploDlc  acid 

Calc'd  for  C^H^NF-O; 

c,  28.8; 

Found; 

c,  28.9; 

chromatography : 
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1,  l-bls{Dlfluoramino)cyclohexane; 

Calc'd  for  CgiyigPi^:  C,  58-6;  H,  5*^+;  N,  15.0 

Pound:  C,  38.6;  H,  5.58;  N,  15.O 

b.  5-Nltro-2, 2-bl3(difluoramlno)hexane 

Difluoramine  generated  from  200  ml  of  difluorourea 
solution  was  reflvixed  for  7  hr  over  a  solution  of  2.0  g  (O.OI38  mole)  of  5-nitro- 
2-hexanone  in  30  ml  of  concentrated  sulfuric  acid.  The  solution  was  allowed  to 
stand  overnight,  using  the  dissolved  HNPg  to  complete  the  reaction. 

The  acid  was  poured  into  200  ml  of  ■'ce,  sind  the  aqueous 
mixture  was  extracted  with  four  50-ml  portions  of  methylene  chloride.  The 
methylene  chloride  solution  was  washed  with  two  25-ml  portions  of  water,  dried 
over  sodium  sulfate,  and  stripped  using  an  aspirator  and  Rinco  evaporator.  The 
residue  consisted  of  I.5  g  (47^  yield)  of  crude  5-nitro-2, 2-bls(dlfluoramlno)- 
hexane  contaminated  by  a  small  amount  of  ceurbonyl- containing  material.  An 
analytical  sample  was  prepared  by  chrcmatographlng  1.2  g  of  the  crude  material 
on  a  175"  x  15-mm  column  of  acid-washed  alumina  (Bio-Rad  AG-4)  using  methylene 
chloride  as  the  elutant.  Total  recovery  was  almost  quauitltatlvc,  and  the  product 
was  eluted  before  the  impurity. 

Anal.  Calc'd  for  CgH^j^NjFj^Og :  C,  50.9;  H,  4.72;  N,  I6.0 
Found:  C,  51. 1;  H,  4.72;  N,  17-55 

c,  bis-Difluoramlnomethane 

Difluoramine  generated  fran  200  ml  of  difluorourea 
solution  was  allowed  to  reflux  over  1.0  g  of  s-trioxane.  Fuming  sulfuric  acid 
(15  ml)  was  added,  in  drops,  and  the  difluoramine  was  allowed  to  reflux  over 
this  solution  for  4  to  5  hr.  During  this  time,  the  solution  gradvially  became 
cloudy  and  an  upper  layer  separated.  This  layer  was  vacuum- transferred  (100 
ram  Hg)  to  a  -8o°C  trap  adjacent  to  the  reactor,  and  3  ml  of  liquid  was  collected. 
This  material  was  transferred,  in  increments,  to  a  vacuum  system  through  30  ft  of 
overhead  l/4-in.  stainless  steel  tubing.  The  first  fraction  was  analyzed  by  vapor- 

*AeroJet-General  Report  No.  0255-01-10,  l4  April  I96I,  p.  9  (Confidential). 
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jhase  chrcmatographBT  aai was  ftuxito  consist  of  95^  bls(difluoramlno)methane  with  di- 
fluoramlne  and  nitrogen  m  liiq;>urlties.  A  Dumas  nitrogen  determination  on  a 
sample  measured  by  gas  volume  showed  2  atcms  of  nitrogen  per  molecule.  When 
about  half  of  the  remaining  liquid  In  the  trap  had  been  treuisf erred  to  the 
vacuum  line,  a  detonation  occurred  in  both  traps  where  the  material  was  being 
transferred,  as  well  as  in  an  isolated  bulb  where  the  previous  fraction  was 
stored. 

d.  Reaction  of  Isoprene  with  Difluoramlne 

Difluoramlne  generated  from  200  ml  of  difluorourea 
solution  was  refluxed  over  15  ml  of  concentrated  sulfuric  acid.  Isoprene  (1.7  g) 
was  added,  in  drops,  while  the  solution  was  cooled  with  dry  ice  in  order  to  keep 
the  temperature  at  -15  to  0°C.  After  4  hr,  the  excess  difluoramlne  was  removed 
and  the  product  was  vacuum- transferred  into  a  -8o°  trap  to  yield  0.4  g  of 
2, 2-bi6(difluoramino)propane,  identified  by  its  Infrared  spectrum. 

B.  ACJJEOUS  FLUORINATION*  (V.  Grakauskas) 

1.  Discussion 

a.  Introduction 

Hie  feasibility  of  the  fluorlnatlon  of  nitrogenous 
organic  compounds  in  aqueous  solution  has  been  demonstrated,  EUid  valuable  inter¬ 
mediates,  such  as  N,  N- difluorourea  and  ethyl  N-fluorocarbamate,  have  been  pre- 
pared  .  The  present  study  is  aimed  at  extending  the  scope  of  this  reaction  to 
various  nitrogenous  systems. 

b.  Fluorlnatlon  of  Ureas 

(1)  Alkylureas 

It  was  previously  reported  that  aqueous 
methylurea  undergoes  smooth  fluorlnatlon  to  give  methyldifluoramlne  and  N,  N- 
difluoro-N'-methylurea  in  approximately  equal  amounts: 

^Aerojet-General  Reports  No.  0235”01"9»  15  January  19^1;  No.  0235-01-10,  ik  April 
^961;  No.  0235-01-11,  14  July  I96I  (Confidential). 

High-Energy  Oxidizer  Binders  for  Solid  Propellants^  Aerojet-General  Report  No. 
**2371-02-2,  15  July  i960  (Confidential) 

High-Energy  Oxidizer  Binders  for  Solid  Propellants,  Aerojet-General  Final 
Report  NoT  i960  on  Contract  AF  49(^3^) -838,  February  196I  (Confidential). 
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(HpO) 

CHjNHCOJJHg  +  Fg  ■■  -  '•)  CHjNFg  +  CHjNHCONFg 

Bie  fluorinatlon  of  aqueous  ethylurea  proceeded 
similarly  to  give  ethyldifluoraoine  and  N,  N-difluoro-N’ -ethylurea.  Bthyldifluor- 
eunine  has  been  reported  previously  tiy  other  investigators,  but  the  compound 
has  not  been  con^letely  characterized.  A  sample  of  the  material  was  therefore 
reduced  with  aqueous  potassivun  iodide  to  give  ethylanine. 

'Qie  fact  that  alkylureas  undergo  fluorination  in 
aqueous  solution  to  yield  a  mixture  of  the  corresponding  alkyldifluoramines  and 
N-alkyl-N', N’-difluoroureas,  suggested  that  allyldifluoramine  could  possibly  be 
prepared  by  fluorinating  aqueous  allylurea.  This  reaction  has  yielded  a  color¬ 
less  high-boiling  liquid  euid  a  white  solid,  possessing  strong  oxidizing  proper¬ 
ties.  The  liquid  product  was  tentatively  identified  as  N,N-dlfluoro-K'-(2, 5" 
dlfluoropropyl)-urea  on  the  basis  of  its  elemented  emedysis  and  Infrared  spectrum. 
The  solid,  which  was  insoluble  in  water  and  ccomon  organic  solvents  mey  be  a 
polyallyldif luoramlne . 

N- Acetyl- N'-methylurea  reacted  reewUly  with 
fluorine  in  acjueous  solution  to  give  methyldlf luoramlne  in  good  yields. 

A  new  method  for  the  prepeuration  of  alkyldi¬ 
fluoramines  has  been  found  to  be  the  direct  aqueous  fluorination  of  N,  N'-dlalkyi- 
ureas.  Thus,  N,  N'-dimethylurea  gave  a  high  yield  of  N,  N-dlfluoromethylamine, 
which  was  identified  by  its  infrared  spectrum.  A  small  amount  of  a  colorless 
oxidizing  liquid  \diich  was  isolated  from  the  aqueous  fluorination  mixture 
appears,  on  the  basis  of  the  infrared  spectrum  and  an  elemental  analysis,  to  be 
a  mixture  of  N,  N'-dlmethyl-N-fluorcsirea  euid  N, N'-dimethyl-N,  K'-difluorourf a.  The 
reaction  appsirently  proceeds  as  follows; 


J.  W.  Frazer,  Paper  presented  at  the  Second  NF  Chemistry  Symposium,  Pasadena, 
^^alifornia,  2-3  December  1959  (Confidential). 

Quarterly  Progress  Report  on  Air  Force  High-Energy  Solid  Propellant  Program, 
Rohm  &  Haas  Company  Report  AP-4,  May- August  1959  (Confidential) . 
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CHjNHCONHCHj  +  Pg  - >  CHjNPCONHCHj  — ^  CHjNPg  +  |CHjNHCOOH  | 

Fg  I  HF 

CHjNPCONPCHj  +  COg 

(side  reaction) 

(2)  Arylureas 

®ie  fluorlnation  of  aqueous  phenylurea  gave 
products  escaping  in  gas  form  during  the  course  of  fluorlnation,  as  well  as 
products  remaining  In  the  aqueous  solution.  The  volatile  reaction  products 
which  were  collected  in  -8o  or  -110°C  traps  euncunted  to  3  to  4  g  per  10  g  of 
phenylurea.  This  volatile  liquid  was  insoluble  in  water,  possessed  strong 
oxidizing  properties,  and  its  density  was  roughly  determined  at  1.5  to  1.6  g/cc 
at  -80°C.  Gas  chromatographic  analysis  showed  that  the  materieO.  contained  eight 
components,  four  of  which  were  present  in  amounts  of  less  than  li  each.  Of  the 
remaining  four  components,  one  was  present  to  the  extent  of  70^*  This  major 
component  (bp  24^0)  was  Isolated  by  fractional  distillation.  The  infrared 
spectrum  of  the  compound  showed  three  very  strong  absorption  peaks  at  9*25> 

10.6,  and  11.9  (A. 

This  component  was  also  formed  when  an  aqueous 
solution  of  dlfluorourea,  hydrofluoric  acid,  euad  benzoquinone  was  allowed  to 
stand  at  room  temperature.  To  check  the  possibility  that  difluoramine,  the 
hydrolysis  product  of  N,N- dlfluorourea,  was  involved,  a  mixture  of  benzoquinone 
and  aqueous  difluoramine  was  kept  at  20  to  25°C  for  a  period  of  four  days.  Ho 
volatile  reaction  products  were  obtained  although  this  observation,  based  on  one 
experiment,  is  not  conclusive. 

Elemental  analysis  indicated  that  the  material 
contained  6  to  carbon  and  0.2^t  hydrogen.  Several  attempts  to  analyze  the 
compound  for  nitrogen  gave  values  ranging  from  0.4  to  0.9^,  which  were  un¬ 
expectedly  low.  Fluorine  ansOysis  ^  the  sodium  peroxide  method  gave  values  of 
12  and  2k'f>,  indicating  that  this  method  of  analysis  is  not  suitable  in  this  case. 
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One  attempt  to  hydrolyze  the  compound  with  aqueous-methanollc  potassium  hydroxide 
showed  the  presence  of  only  53^  fluorine.  However,  the  oxidizing  power  was  still 
present,  indicating  that  the  compound  is  unusiially  resistant  to  the  alkaline 
hydrolysis.  The  molecular  weight  by  vapor  density,  extrapolated  to  zero  pressure, 
was  determined  to  be  129  +2. 

The  NMR  spectrum  showed  fluorine,  but  no 
hydrogen.  The  magnetic  resonance  spectrum  is  a  single  sharp  line.  At  56.4 
me,  the  chemical  shift  relative  to  trlfluoroacetic  acid  is  -4428  cps.  The  fact 
that  the  line  does  not  show  (quadruple- broadening,  as  in  other  NFg  spectra, 

would  suggest  a  high  degree  of  molecular  symmetry. 

Attempts  have  been  made  to  decompose  the  compound 
with  either  concentrated  sulfuric  acid  or  concentrated  aqueous  sodlvun  hydroxide. 

In  both  cases  no  reaction  took  pleu:e  even  after  prolonged  stemding  at  45  to  55°C. 

Although  this  volatile  liquid  has  not  yet  been 
identified,  simple,  known  NP  compounds,  such  as  dlfluoramlne,  alkyldifluoramlnes, 
and  fluoralkyldifluoramines,  were  eliminated  on  the  basis  of  either  infrared 
spectra  or  physical  properties.  Efforts  to  Identify  this  compound  are  being 
continued. 

The  aqueous  solution  of  the  phenylurea  fluorlnation 
contained  difluorourea,  as  well  as  leurge  amounts  of  tarry  materials  possessing  a 
strong  phenolic  odor.  The  formation  of  difluorourea  involves  the  cleavage  of  the 
CgK^-N  bond  with  a  displacement  of  the  phenyl  group.  This  type  of  cleavage  was 
completely  unexpected  on  the  basis  of  experience  with  the  fluorlnation  of  the 
aliphatic  urea  derivatives,  which  proceed  by  cleaveige  of  the  carbonyl-nitrogen 
bond.  A  sequence  to  account  for  the  formation  of  dlfluoroxirea  is  shown  below. 

(HpO) 

CgH^NHCONHg  +  Fg  — ^ ^  CgH^NPCONHg  +  HF 
(HgO) 

CgH^NFCONHg  +  Fg  — ^ — >  NPgCONHg 


* 


Dr.  D.  W.  Moore,  U.S.  Naval  Ordnance  Test  Station,  China  lake. 


California. 
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It  was  found  that  the  direct  fluorinatlon  of 
aqueous  m-  and  o-tolylurea  proceeded  similarly  to  that  of  phenylurea.  A  volatile 
liquid  was  produced  which  was  identical  to  that  obtained  from  phenylurea.  The 
aqueous  solution  contained  N,  N-dlfluorourea.  In  addition,  as  was  the  case  with 
phenylurea,  the  a(^eou8  reaction  mixture  contained  compounds  possessing  strong 
phenolic  odor. 

(3)  Urea 

A  side  reaction  in  the  fluorinatlon  of  urea  has 
been  investigated;  the  fluorinatlon  is  run  routinely  in  4-mole  batches.  In 
severed  cases,  the  aqueous  solution  became  yellow  and  turbid  during  the  course 
of  fluorinatlon  and  deposited  small  amounts  of  yellow  solid.  A  slmlleu:  reaction 
was  also  noticed  when  the  incompletely  fluorlnated  aqueous  dlfluorourea  solution 
was  allowed  to  age.  The  yellow  solid  was  identified  as  a  mixture  of  biurea  and 
azodicarbonamide.  The  formation  of  biurea  during  the  fluorinatlon  of  urea 
sxoggests  that  monofluorourea.  Intermediate  in  the  fluorinatlon,  reacts  with  urea 
to  yield  the  product: 

NHgCONHF  +  NHgCOHHg  - ^  4NHC0NHg)g  +  HP 

It  is  not  clear  why  this  side  reaction  occurred  in  only  a  few  of  the  runs,  although 
the  coupling  might  be  catalyzed  by  sunlight. 

c.  Fluorinatlon  of  Amides 
(l)  Acetamides 

Acetamide  was  expected  to  form  either  N,  N-difluor- 
acetamide  or  its  hydrolysis  product,  difluoramine.  SevereJ.  fluorinatlon  attempts 
have  been  made,  but  neither  one  of  the  expected  products  could  be  produced. 

Further  work  with  this  compound  wsis  discontinued.  Fluorinatlon  of  aqueous  N- 
methylacetamide,  however,  produced  methyldifluoramine  in  high  yields. 

To  obtain  Euiditlonal  evidence  concerning  the 
mechanism  of  this  reaction,  the  fluorinatlon  of  N,  N-dimethylacetamide  was  in¬ 
vestigated,  and  acetic  acid  euid  methylamlne  were  identified  as  products  of  this 
reaction.  These  products  may  be  rationalized  by  the  following  series  of  reactions: 
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CHjC0N(CHj)2  + 

HO 

Fg  CHjCOOH  +  FN(^^ 

^CH. 

CH, 

FNC' 

F  + 

"x 

HgO^ 

HCKO  +  CHjNHg 

Ihe  fluorlnation  product  of  N,  N-dimethylacetamlde, 
N-fluorodlmethylamlne,  would  be  expected  to  be  unstable  and  readily  eliminate 
hydrogen  fluoride  to  yield  the  formaldehyde  derivative  of  methylamine.  Uie  acid- 
catalysed  hydrolysis  of  this  compound  would  give  methylammonlum  ion  and  formalde¬ 
hyde.  No  attempts  were  made  to  identify  formaldehyde  in  this  experiment.  Hie 
first  reaction  of  this  sequence  appears  to  be  a  direct  displacement  of  an  acylium 
ion  by  fluorine.  Hydrolysis  of  the  amide  prior  to  the  fluorlnation  and  the  sub¬ 
sequent  fluorlnation  of  the  resulting  amine  does  not  appear  probable  since 
earlier  attempts  to  fluorlnate  alkyl  amines  or  their  ssdts  were  unsuccessful. 

The  fluorlnation  of  N-methylacetamide  could  occur 

in  a  similar  manner  as  follows: 

CHjCONHCHj  +  Fg - >  GHjCONPCH^  +  HF 

CHjCONFCHj  +  Fg - >  CHjCO^-^  +  CH^NFg  +  F^) 

CHjCOv^;  +  HgO - >  CHjCOOH  + 

One  attempt  to  fluorlnate  N-n-butyl-acetamide  gave 
a  mixture  of  I^F  compounds  similar  in  nature  to  that  obtained  on  fluorlnation  of 
N- ethyl- formamide  (see  below). 

Fluorlnation  of  aqueous  B-acetamidopropionic  acid 
gave  B-dlfluoraminopropionic  acid  in  kOflo  yield.  The  material  was  identified  by 
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ecB^eurlng  Its  phyelcal  propertlM  and  Infrared  ipectnai  vlth  thoee  of  the  dl> 
fluoramlne  adduct  of  acrylic  acid. 

Qie  fluorlnatlon  of  acetyl  glycine  gave  products 
vhlch  have  not  yet  been  Identified. 

(2)  FomiBldee 

The  fluorlnatlon  of  aqaeoua  R-oethylfonBaadde  vas 
similar  to  that  of  H>methylaeetamlde,  giving  a  high  yield  of  metfayldl fluoramlne: 


It  vas  expected  that  fluorlnatlon  of  hlf^er 
H-alhylamldes  would  be  analogous  to  that  of  H*aethylsmldes,  but  It  vas  found 
that  this  vas  not  the  case.  Fluorlnatlon  of  the  a^ecus  N-ethylforaamlde  gave  a 
volatile  liquid  vfalch  vas  found  to  be  a  mixture  of  several  RF  compounds  containing 
only  very  small  amounts  (if  any)  of  the  e:^ected  ethyldifluora8d.ne.  Ihe  product 
of  this  reaction  vas  tentatively  Identified,  on  the  basis  of  Infrared  spectral 
evidence,  as  a  mixture  of  fluoroethyldlfluoramines .  Additional  vork  Is  required 
to  establish  the  structures  of  these  products  as  veil  as  the  number  of  ccmponenta. 

d.  Nlscellaneotts 

The  fluorlnatlon  of  cyanamide  vas  undeirtaken  vlth  the 
objective  of  extending  the  scope  of  the  fluorlnatlon  of  ccmpounds  containing 
groups.  This  reaction  vas  expected  to  proceed  as  follows : 

(HpO) 

RHgCH  ♦  Fg  — = - >  BHFCR  and/or  HFgCH  +  HF 


Because  cyanamide  Itself  dimerizes  readily  to  dlcyandl amide  or  trlmerlzes  to 
melamine,  the  fluorlnated  products  vere  expected  to  be  either  monomers,  as 
Indicated  above,  or  the  corresponding  dimers  or  trlmers. 

Fluorine  vas  consumed  readily  by  aqueous  cyanamide,  and 
nonoxldlzlng  products  vere  deposited.  A  colorless,  lovboiling  liquid  possessing 
strong  oxidizing  properties  vas  also  Isolated  but  vas  not  identified.  Another 
product  of  this  reaction  vas  Identified  as  R, R-dlfluorourea,  vfalch  vas  Isolated 
In  about  10  to  20i(  yield.  Olfluorourea  might  be  produced  from  urea  present  as 
an  Impurity  In  the  cyanamides,  or  from  cyanamide  as  follovs:  _ 
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HHgCN 


+  2P« 


NPgCN  +  H^CH 


HPgCH  +  2HP 


MH 

II 


NH 

NPgCHHCH 


[NPgCOHHCH] 


HjO" 


HPgCHHCN 


HgO 


->  ^HPgCOHHCH]  +  HH, 


NPgCOHHg  +  HOCN 


This  route  vould  Involve  the  fluorinatlon  of  cyanamide  to  the  dlfluoro  derivative, 
which,  in  turn,  vould  undergo  dimerization  with  unfluorinated  cyemamlde  to  yield 
N,N-dlfluorodlcyanadlainlde.  This  cempound  might  then  undergo  hydrolysis  to  the 
dlfluorourea. 


Aqueous  guanidine  sulfate  was  fluorinated  with  the 
objective  of  synthesizing  perfluoroguanl dine .  Fluorine  was  consumed,  but  no 
volatile  products  were  collected  in  -8o  and  -110°C  traps  connected  in  series  with 
the  reaction  flask.  The  aqueous  solution  yielded  H, H-dlfluorourea  in  30?t  yield. 

N, N- Dlfluorourea  probably  was  produced  on  hydrolysis  of  the  unstable  N,N-dlfluoro- 
guanldlne  intermediate: 


HH 

(MHgCHHg)^  HgSO^  +  ifPg 

HH 


HgO 


HHgCHPg 


NH 

t1 


HHgCOHFg  + 


HHgCHPg 

(+) 


Fluorinatlon  of  aqueous  1, ^'diethyl  thiourea  produced 
ethyldlfluoramlne  in  low  yields.  This  reaction,  except  for  the  yield,  is  similar 
to  that  of  symmetrical  dlalkylureas. 


2.  Experimental 

a.  Preparation  of  p-Difluoraminopropionlc  Acid 

A  solution  of  26.2  g  acetyl  p-alanine  (0.2  mole)  in  550 
ml  of  water  was  fluorinated  with  elementary  fluorine  (diluted  with  nitrogen:  1:4) 
at  0  to  5°C  until  ca.  8  to  10  liters  of  fluorine  gas  was  passed  into  the  reaction 
mixture  (5  hr).  At  the  end  of  the  run,  the  aqueous  solution  was  extracted  with 


Page  24 


CONFIDENTIAL 


CONFIDENTIAL 


II  Technics^.  Progress,  B  (cont.)  Report  No.  2099 

six  50-ml  portions  of  methylene  chloride,  followed  \sy  six  50-ml  portions  of 
diethyl  ether.  Die  product  was  not  very  soluble  in  methylene  chloride,  but 
extracted  readily  with  diethyl  ether.  The  ccnblned  extracts  were  dried  over 
Drlerlte,  filtered,  cmd  the  filtrate  concentrated.  Die  residue,  a  pale*yellow 
liquid,  was  fractionated  and,  after  removal  of  seme  acetic  acid,  the  ^-dlfluor- 

ocr 

amlnoprpplCMilc  acid  was  distilled  at  it6°C/0.1-0.3  mm,  ^  1.3900*  Bie  pure 
product  amounted  to  9  g  (36^t  yield).  Its  Infrared  spectrum  and  refractive  Index 
were  Identical  with  those  reported  for  B-dlfluoranlnpprpplonlc  acid. 

b.  Fluorlnatlon  of  Aqueous  Guanidine  Sulfate 

A  solution  of  21.6  g  guanidine  sulfate  (0.1  mole)  in  350 
ml  of  water  was  fluorlnated  at  0  to  5°C  with  elementary  fluorine  (diluted  with 
nitrogen  1;U).  Die  reactor  was  connected  in  series  with  -80  and  -110°C  traps  to 
condense  volatile  reaction  products.  Die  fluorlnatlon  was  continued  until  12 
liters  of  fluorine  gas  was  passed  into  the  solution  (6  hr).  Only  a  few  drops 
of  a  colorless  liquid  accumulated  in  the  -110*^0  trap  during  the  course  of  the 
fluorlnatlon.  This  volatile  liquid,  possessing  strong  oxidizing  properties,  was 
not  identified. 

The  aqueous  solution  was  extracted  with  seven  T^'ml 
portions  of  diethyl  ether.  On  workixjg  up  the  ethereO.  solution,  5  g  of  H,N-dl- 
fluorourea  was  isolated  emd  the  material  was  Identified  by  cempeuring  Its  in> 
frared  spectrum  with  that  of  an  authentic  sample  of  N,  N-dlfluorourea. 

c.  Fluorlnatlon  of  1,3-Dlethylthiourea 

A  solution  of  40  g  of  l,3-'diethylthiourea  (0.3  mole)  in 
650  ml  of  water  (partledly  in  suspension)  was  fluorlnated  at  0  to  5°C  with 
elemeutary  fluorine  (diluted  with  nitrogen,  1:4)  until  23  liters  of  fluorine  gas 
was  passed  into  the  reaction  mixtxtre.  During  the  course  of  the  fluorlnatlon, 
a  colorless  liquid  gradually  accummulated  In  the  -&0^C  trap  connected  In  series 
with  the  reactor.  At  the  end  of  the  run,  the  baleunce  of  this  low-boiling  liquid 
amounted  to  2.5  ml.  Die  crude  material  was  purified  by  trap- to- trap  distillation. 
The  infrared  spectrum  of  this  material  was  practically  identical  with  that  of 
ethyl fJuoramlne  Isolated  previously  on  direct  fluorlnatlon  of  1, 3“dlethylurea. 
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Itoe  infreu*ed  spectrum  shoved  the  presence  of  impurities,  but  no  attempts  have 
been  made  to  further  purify  the  crude  product. 

C.  PREPARAHOT  AND  REACTIONS  OP  N-JWJOROCARBAMATBS*  (V.  Orakauskas) 

1.  Diacussion 

a.  Preparation 

The  fluorlnatlon  of  aij^eous  ethyl  carbamate  gave  a 
mixture  of  dlfluoramlne  and  ethyl  N-fluorocarbamate.  Ibe  NMR  spectnm  of 
the  latter  compound  is  consistent  with  the  assigned  structure,  liie  resonance 
is  high  field  from  trlfluoroacetlc  acid  and  the  position  of  the  NH  compares 
with  that  in  nitramines. 

Failure  to  isolate  the  expected  N,  N-difluorocarbamates 
from  the  mixture  suggests  that  centpounds  with  this  structural  feature  are  hy¬ 
drolytically  unstable.  To  test  this  possibility  the  fluorlnatlon  of  n- butyl- 
carbamate  was  carried  out  in  ethylene  dlchloride  to  prepare  N,  N-dlfluorocarbamate. 
The  expected  hydrolytic  instability  of  butyl  N,  N-difluorocarbamate  was  confirmed 
in  a  reactlai  with  water  at  30  to  50*^C  to  yield  dlfluoramlne  and  carbon  dioxide: 

NFgCOOC^Hg  +  HgO  - ^  HNFg  +  COg  +  Cj^H^OH 

Alkyl  N,  N-difluorocarbamates  might  therefore  be  used  as  intermediates  for  the 
production  of  dlfluoramlne.  Carbon  dioxide- free  dlfluoramlne  could  possibly  be 
obtained  by  reacting  N, N-difluorocarbamates  with  alcohols. 

b.  Reactions  with  Alkalis 

It  was  found  that  ethyl  N-fluorocarbamate  could  be 
dissolved  In  aqueous  alkali  at  0  to  10*^C  without  decomposition  and  could  be 
recovered  on  acidification.  This  is  the  first  example  of  a  stable  NP  anion. 


Research  in  Fluoro-Nitro  Compounds.  Aerojet-Oeneral  Report  No.  0235-01-11, 
lit  July  19^i,  p\  il  (Conf identleJ.) . 

High  Etoergy  Oxidizer  Binders  for  Solid  Propellants,  Aerojet-Oeneral  Report  No. 
K<( K^0571“02-3r  October  I960  ( Confidential) . 

Dr.  J.  P.  Freeman,  Rohm  &  Hass  Co.,  see  Research  in  ^uoro-Nitro  Cempounds. 
Aerojet-Oeneral  Report  No.  0235”01~11,  lU  July  1961  (Confidential). 
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CgH^OCNHF  -^2 — > 


C„H.0CNr 

0 


The  anion  may  be  considered  to  be  a  resonance  hybrid  in  which  the  negative  cheurge 
is  distributed  over  the  nitrogen  and  oxygen  atoms. 


FUCOgCgH^ 


P»=C 


/ 

'\ 


OC2H5 


Although  aqueous  sodium  N-fluoroc8u*bamate  was  relatively 
stable  at  low  tef^peratvires,  it  underwent  spontaneous  decomposition  when  it  was 
allowed  to  warm  up  to  20  to  23°C»  Ttie  decomposition  was  highly  exothermic,  smd 
a  water-insoluble  colorless  liquid  separated  from  the  reaction  mixture  during  the 
course  of  the  reaction.  Ihls  material  has  not  yet  been  Identified,  but  its 
infrared  spectrum  suggests  that  the  compound  is  a  ceurbamate.  However,  it  is  not 
hydrazodlcarboxylate,  azodi car boxy late,  Imlnodlcarboxylate,  or  diethyl  oxalate. 

In  addition  to  the  high-boiling  liquid,  small  amounts  of  ceurbon  dioxide  auid 
ethylene  were  produced.  Sodium  fluoride,  was  also  Isolated. 


The  first  step  of  the  decomposition  of  the  sodium  salt 
of  ethyl  N-fluoro- carbamate  may  involve  the  elimination  of  fluoride  anion  with 
the  formation  of  a  nitrene; 


HO 

Na  -  NFCOOCgH^  tNCOOCgH^  +  NaF 

The  expected  dimerization  product  of  the  nitrene,  azodi carboxylic  acid  ester  was 
not  found. 


Ethyl  N-fluorocarbamate  deccnq>osed  readily  with  ethauiollc 
sodium  hydroxide.  One  product  of  this  decomposition  was  identified  as  iminodi- 
carboxylic  acid  ethyl  ester.  A  liquid  product  of  this  reaction  has  not  yet  been 
identified. 
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c.  Alley latl on  and  Carbethoxylatlon 

The  sodium  salt  of  ethyl  N-fluorocarbamate  reacted  at 
5  to  10°C  with  dimethyl  sulfate,  and  the  product  of  this  reaction  was  Identified 
as  ethyl  N-fluoro-N-methylcarbamate.  This  compound  was  also  prepared  in  low 
yield  by  direct  fluorination  of  aqueous  ethyl  N-methylcarbamate ; 

(CIL)2S0. 

©  NPCOgCgH^  - ^  -  ■--)  CHjNFCOgCgHj 

(HpO) 

CHjNHCOOCgH^  +  Fg  — ^ ^  CH^NFCOOCgH^ 

The  sodium  salt  of  ethyl  N-fluorocarbamate  also  reacted 
with  ethyl  chloroformate  in  aqueous  solution  to  give  N-fluorlmino  dlcarbojQrllc 
acid  diethyl  ester  in  good  yields: 

(HpO) 

Na  '  NPCOOCgH^  +  ClCOOCgH^  — ^ — }  NP(C00C2H^)2 

d.  Halogenatlon  Reactions 

The  sodium  salt  of  ethyl  N-fluorocarbamate  reacted  with 
chlorine  end  bromine  to  give  the  corresponding  N-chloro  emd  N-bremo  derivatives 
in  good  yields.  N-fluorlmlno  dlcarboxylic  acid  diethyl  ester  was  obtained  as  a 
side  product. 

Both  N-chloro- N-fluoro-  and  N-brcano-N-fluorocarbamates 
ere  useful  as  intermediates  for  the  preparation  of  NP  ccmpovmds.  Thus,  ethyl 
N-chloro-N-fluorocarbamate  reacted  instantaneously  with  sodium  hypochlorite  to 
give  dlchlorofluoramlne: 

ClNPCOOCgH^  +  NaOCl  - >  ClgNF  +  COg 

Dlchlorofluoramlne  has  been  previously  synthesized  by  the  Allied  Chemical 
Corporation  by  reacting  sodium  azide  with  chlorine  fluoride  (CIF).  The  physical 
properties  and  infrared  spectrum  of  the  Aerojet-General  product  agree  with  those 

Allied  Chemical  Corporation,  General  Chemical  Division,  Quarterly  Progress 
Report,  April-June  i960.  Contract  No.  DA-50-069-ORD-2658  (Confidential). 
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reported  by  Allied  Chemical.  Dichlorofluoranine  wm  also  obtained  by  reacting 
ethyl  N-fluorocarbamate  with  sodium  hypochlorite: 

HNFCOOCgH^  +  NaOCl  - >  ClgNP  +  COg 

Diethyl  N-fluoriininodlcarbo:orlate  also  reacted  with 
aqueous  sodium  hypochlorite  to  give  dlchlorofluoramlne: 


NFCCOOCgH^ig  +  NaOCl  - ^  ClgNF  +  COg 

Similar  reactions  might  be  used  to  prepare  other  nitrogen  halides. 

Attempts  to  prepare  H-chloro-N-fluoromethylamlne  by  the 
reactions  of  ethyl  N-fluoro-N-methylcarbamate  with  aqueous  sodium  hypochlorite, 
at  0  to  5°C  or  at  35°C,  were  unsuccessful.  TSie  starting  material  was  recovered. 

RNPCOQR'  NaOCl  -  /  )  RNFCl  +  COg  +  R'OH 

n- Butyl  N, N-difluorocarbamate  reacted  with  aqueous  sodium  hypochlorite  to  give 
chlorodif luoramine ; 

NFgCOOCj^H^  +  NaOCl  - >  ClNFg  +  Cj^H^OCOONa 

The  infrared  spectrum  indicated  a  high-purity  product,  not  contaminated  by  carbon 
dioxide  or  tetrafluorohydrazine.  This  reaction  offers  a  simple  route  to  chloro¬ 
dif  luoramine. 

Dlbromofluoramlne  (BrgHF)  and  bromochlorofluoramine 
(BrNFCl)  are  the  only  two  unluiown  members  of  the  nitrogen  trlhallde  series, 
exclusive  of  iodides.  The  hsdogenated  carbamates  have  been  shown  to  be  suitable 
intermediates  for  synthesis  of  nitrogen  trihsdides,  and  attempts  were  made  to 
synthesize  these  two  compounds. 

Since  ethyl  N-fluoroceirbemate  reacts  with  sodium  hypo¬ 
chlorite  to  give  dichlorofluoramlne,  it  was  expected  that  the  reaction  with  sodium 
hypobromlte  might  follow  the  same  course  to  yield  dlbromofluoramlne.  This,  how¬ 
ever,  was  not  the  case  and  the  product  of  this  reaction  was  mainly  dlfluorodiazine: 

(HpO) 

HNFCOOCgH^  +  NaOBr  — ^ — >  NgFg 
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The  dibromofluoramine  was  probably  an  unstable  intennedlate  in  this  reaction,  but 
decomposed  Into  fluoronltrene  and  brcmlne. 

Ethyl  N-bromo-N-fluorocarbamate  was  chosen  as  the 
Intermediate  for  an  atteapted  preparation  of  brcmochlorofluoramine.  When  the 
compound  was  added  to  an  excess  of  sodium  hypochlorite,  a  volatile  product  was 
obtained  \rtiich  was  identified  as  dichlorof luoramlne .  It  is  possible  that 
brcmochlorofluoramine  was  produced  in  this  reaction,  but  it  reacted  further  with 
sodium  hypochlorite: 

BrNPCOOCgH^  +  NaOCl  - >  [BrClNFj  cigNF 

When  the  order  of  addition  was  reversed  and  only  a  stoichiometric  amount  of 
sodium  hypochlorite  was  used,  the  products  were  difluorodlazlne  and  elementary 
bromine.  Apparently,  in  this  case,  BrClNF  decemposed  similarly  to  dlbrcmofluor- 
smlne. 

From  the  above  experiments  it  was  concluded  that  both 
BTgNF  and  BrClNP  were  produced  as  intermediates,  but  they  underwent  further 
reactions  under  these  reaction  conditions.  It  is  also  obvious  that  these  nitro¬ 
gen  trihailldes  are  even  less  stable  than  ClgNF. 

e.  Attempted  Nitration 

Attempts  to  nitrate  ethyl  N-fluoroc8u:b€unate  with  ethyl 
nitrate  in  concentrated  sulfuric  acid,  with  the  objective  of  synthesizing  ethyl 
N-fluoro-N-nitrocarbamate,  failed  to  give  the  desired  product.  Instead,  a 
vlgoro'as  evolution  of  gaseous  products  took  place  which  were  identified  as 
carbon  dioxide  and  nitrous  oxide; 

HpSO. 

NHFCOOCgH^  +  CgH^ONOg  ->  NgO  +  COg 

f.  Reactions  with  Amines 

Ethyl  N-fluorocarbeunate  was  decomposed  in  an  excess  of 
dlethylamine.  One  product  of  this  reaction  was  identified  as  N-carbethoxy-N'N'- 
diethylhydrazine.  Another  product,  a  high-boiling  viscous  oil,  was  tentatively 
Identified  as  the  corresponding  diethylamide  derivative  resulting  from  the 
reaction  of  N-carbethoxy-N'N'-diethylhydrazlne  with  excess  of  dlethylamine: 
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NHFCOOCgH^  +  (C2H^)2NH - >  (C2H^)2NNHC00C2H^ 

(C2H^)2NNHC00C2H^  +  (C2H5)2NH - >■  (C2H^)^imC0N(C^H^}^  +  C2H5OH 

g.  Reactions  with  Phosphorous  Pentachloride 

Enolizatlon  of  ethyl  N-fluorocarbamate  appears  possible: 

OH 


HNPC02C2H^ 


OC2H5 

This  possibility  suggested  that  a  reaction  with  phosphorus  pentachloride  might 
occur  to  form  the  reactive  ethyl  chloroformate  analogue: 


OH 


NF  =  C 


/ 


+  PCI, 


CIC 


^0C2H5 


\ 


NF 


OCgH^ 


+  POClj  +  HCl 


Substituted  carbamates  have  been  reacted  with  PCl^  with 


the  formation  of  the  corresponding  isocyanates: 


RNHCOOR'  +  PCl^  - >  RNCO 

If  the  reaction  between  ethyl  N-fluorocar hamate  euid 
phosphorus  pentachloride  would  follow  this  route,  N-fluorolsocyanate  or  its 
trimer  should  be  produced: 


FN'^  "^NF 


HNPCOOC, 


PCI  1  I 

H^  - ^  FNCO - y  0  =  C  6  =  0 

v 

P 


2  3 


It  was  found  that  a  mixture  of  ethyl  N- f luorocarbamate 
and  PCl^  reacts  readily  at  60  to  80°C  to  give  large  amounts  of  a  volatile  liquid. 


■x- 


H.  Wenker,  J.  Am.  Chem.  Soc.,  36,  2606  (I956). 
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The  product  was  found  to  contain  several  cooq;>ODents,  hut  thus  far  none  of  them 
has  been  identified.  Ihe  Infrared  spectrum  of  the  mixture  showed  the  presence 
of  a  very  strong  absorption  peak  at  4.4  suggesting  the  presence  of  the  iso¬ 
cyanate  group.  Another  strong  absorption  peak  at  5*5  was  tentatively  assigned 
to  shifted  carbonyl.  Several  strong  absorption  peedts  in  the  9  to  12  region, 
together  with  strong  oxidizing  properties  of  the  product,  suggested  the  presence 
of  NF.  Work  is  presently  in  progress  to  identify  reaction  products  and  extend 
this  reaction  to  other  similar  NF  compounds. 

One  attempt  has  been  made  to  react  N,  N-difluorcurea  with 
PCl^  in  an  ethylene  chloride  solution  with  the  objective  to  synthesize  N,  N-dl- 
fluorocyanamlde.  It  was  found  that  on  standing  overnight  at  room  temperature  the 
mixture  evolved  a  gaseous  product  which  was  condensed  in  a  -80^C  trap,  nils 
material  was  found  to  be  pure  dlfluoramlne.  Carbon  dioxide  was  not  produced  in 
this  reaction. 

N,  N-Difluorourea  also  reacted  with  phosphorus  pentoxlde 
at  4o°C  in  ea  ethylene  chloride  solution  with  the  formation  of  dlfluoramlne. 

Again,  high-purity  dlfluoramlne  not  contaminated  with  carbon  dioxide  was  obtained. 

h.  Attempted  Use  as  Fluorinating  Agents 

Severed  prelimineury  attempts  have  been  made  to  explore 
the  uses  of  ethyl  N-fluoroceurbamate  euid  N-fluorlminodlceurboxylate  eis  fluorinating 
agents.  Attempts  to  react  ethyl  N-fluorocarbamate  with  naphthedene  in  concen¬ 
trated  sulfuric  acid  to  form  l-fluoro-naphthalene  were  unsuccessful,  euid  ethyl 
N-fluoroceurbamate  was  recovered.  Ethyl  N-fluoroceurbamate  aind  acetamide  heated 
at  90  to  93°C  did  not  give  N,  N-difluoroacetamide;  unreacted  N-fluorocarbamate  was 
recovered.  One  unsuccessful  attempt  was  also  made  to  use  N-fluorimlnodlcarboxyl- 
ate  as  a  fluorinating  agent.  An  eqLiimolar  mixture  of  the  material  and  naphthalene 
was  kept  at  90  to  95®C  for  7  hr  without  any  apparent  reaction. 

i.  Attempted  Preparations  of  N,  N'-Difluorohydrazodicar- 

boxylate  and  Perfluorotriazinedlcarboxylate  Esters 

Attempts  to  synthesize  diethyl  N,  N'-difluorohydrazo- 
dicarboxylate  by  reacting  the  sodium  salt  of  ethyl  N-fluorocarbamate  with  ethyl 
N-bromo-N-fluoroceurbamate  led  to  the  formation  of  diethyl  N-fluoriminodicarboxylate; 
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NaNFCOOCgH^  +  BrNJCOOCgH^ - >  W{COOG^^)^ 

Similarly,  the  N-fluorlminodlcarboxylate  was  produced  in  the  reaction  between 
dichlorofluoreunine  emd  the  sodium  salt  of  ethyl  N-fluorocar hamate: 

ClgNF  +  2  NaNPCOOCgH^  - >  NF(COOC2H5)2 

In  this  latter  case,  the  objective  was  to  synthesize  diethyl  perfluorotrlazene- 
dicarboxylate,  NF(NPC00C2Hj)2. 

TSie  results  of  the  latter  two  experiments  suggest  that 
both  N,  N'-difluorohydrazo-  emd  perfluorotriazenedlcarboxylate  are  unstable  reac¬ 
tion  intermediates  and  undergo  deccmposltion  in  em  aqueous  medium  with  the  forma¬ 
tion  of  N-fluoriminodicarboxylate.  Considerable  amoimts  of  carbon  dioxide  and 
nitrous  oxide  (N2O)  were  produced  in  these  reactions. 

2.  Experimented 

a.  Decanpositlon  of  Ethyl  N-Fluorocarbamate  with  Ethanolic 

Sodium  Hydroxide 

Over  a  period  of  5  to  5  ®in,  2.7  g  of  ethyl  N-fluoro- 
carbamate  (0.025  mole)  was  added  from  a  dropping  funnel,  with  stirring  at  0  to 
5®C,  to  a  suspension  of  1.0  g  of  sodium  hydroxide  (0.025)  in  15  ml  of  absolute 
ethanol.  An  evacuated  Infrared  gas  cell  vslb  connected  in  series  with  the  reaction 
flash  to  obtain  a  sample  of  gaseous  products  evolved  from  the  reaction  mixture. 

When  all  of  the  N-fluorocarbamate  was  added,  the  cooling 
bath  was  removed  and  the  mixture  was  allowed  to  warm  to  20  to  25°C.  At  this 
temperature,  the  sodlm  hydroxide  gradually  dissolved  and  a  psJ-e-yellow  solution 
resulted.  The  reaction  was  mildly  exothermic  and  cooling  was  required  to  keep 
the  mixture  at  the  desired  temperature.  At  the  end  of  JO  oln>  the  mixture  was 
warmed  up  to  35  to  40°C  and  kept  at  this  temperature  for  10  min  to  complete  the 
reaction.  The  infraured  spectrum  of  the  gaseous  products  showed  the  presence  of 
carbon  dioxide  and  small  amounts  of  ethylene. 

The  ethanolic  solution  was  concentrated  to  5  to  8  ml  and 
the  residue  waa  added  to  100  ml  of  cold  water.  The  aqueous  mixture  was  extracted 
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with  four  20-inl  portions  of  methylene  chloride,  the  combined  extracts  were  dried 
and  filtered,  and  the  filtrate  was  concentrated.  Hie  residue,  ca,  2  ml  of  a 
yellow  liquid,  was  fractionated  into  two  fractions : 


(1) 

b.p.  50-55°C/0.1-0.3  nn 

1.4228 

(2) 

b.p.  85-05°C/0.1-0.5  mm  n^^ 

1.4575 

Each  fraction  amounted  to  0.7  to  0.8  g.  Fraction  (2)  partially  solidified  on 
standing,  and  was  purified  by  crystallization  from  n-pentane  to  give  0.6  g  of 
white  microci'ystalllne  solid,  mp  to  47°C.  This  material  was  identified  as 
imi nodi carboxylic  acid  diethyl  ester. 

Anedysls:  Calc'd  for  NH(cO0C2H^  )2>  CgH^iNO^: 

C  -  44. 71;  H  -  6.86;  N  -  8.67. 

Found:  C  -  44.75;  H  -  6.78;  N  -  8.76. 

b.  Deccoposltlon  of  B^thyl  N-Fluorocarbamate  with 

Dlethylamlne 

Five  grams  of  ethyl  N-fluorocarbamate  was  added  to 
'/Igorously  stirred  diethylamlne  (20  ml)  at  0  to  5°C.  Because  the  reaction  was 
too  vigorous,  both  components  were  diluted  with  methylene  chloride  (25  ml  total) 
to  moderate  the  reaction.  The  addition  of  carbamate  was  completed  in  10  min  and 
uhe  reaction  mixture  became  bright  yellow.  The  cooling  bath  was  removed  and  the 
mixture  was  allowed  to  warm  up  to  55  to  55°C.  The  reaction  was  exothermic  and 
occasional  cooling  was  required  to  control  the  temperatiure .  At  the  end  of  50 
min  at  55  to  55°C,  the  reaction  was  completed.  The  mixture  was  allowed  to  stand 
at  25  to  50°C  for  an  additional  60  min,  emd  it  was  then  concentrated  to  remove 
the  solvent  and  unreacted  dlethylamlne.  The  viscous  residue  was  diluted  with  50 
n*l  of  water  and  the  water  Insoluble  oil  was  extracted  with  four  20-ml  portions  of 
methylene  chloride.  The  combined  extracts  were  dried  and  filtered,  and  the 
filtrate  was  concentrated.  The  residual  viscous  oil  was  fractionated  to  give: 

(1)  1.5  g  colorless  liquid,  b.p.  70  to  90°C/0.1  to  0.5  nm 

(2)  1.0  g  orange-yellow  liquid,  b.p.  110  tol50°C/0J.to  a5iim 

*0.  Diels,  Ber.,  ^  756  (I905). 
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The  material  of  Fraction  (l)  solidified  partially  on  standing,  and  the  crude 
product  was  purified  hy  recrystalllMtlon  fran  n-pentane  to  give  Ig  cf  a  white 
inicrocrystalljne  solid,  mp  64  to  66°C.  The  Infrared  spectrum  of  this  material 
was  found  to  be  very  similar  with  that  of  N“carbethoxy-N',N'"dlmethylhydrazine. 

Ad  analytical  sample  (mp  69°c)  was  obtained  on  recrystalllzatlon  from  n-pentane. 

Analysis;  Calc'd  for  (CgH^)2NNHC00C2H^j  C^^gNgOg: 

C  -  52.47;  H  -  10.07;  N  -  17.48. 

Found;  C  -  52-71;  H  -  10.0;  N  -  17.85. 

The  high-boiling  product  ^Fraction  (2)j  was  redistilled 
to  give  a  colorless  liquid,  b.p.  100°C/0.1  to  0.5  mm,  1.2610,  which  solidified 
partially  on  standing.  This  material  was  not  identified,  but  its  infrared 
spectrum  is  quite  similar  to  that  of  N-caurbethoxy-N', N'-dlethylhydrazine. 

c.  Attempted  Preparation  of  Dibromofluoramine 

Three  grams  of  ethyl  N-fluorocarbamate  was  slowly 
added,  with  stirring  at  0  to  5°C,  to  a  solution  of  l6  g  of  bromine  (O.l  mole) 
and  6.0  g  of  sodium  hydroxide  (0.2  mole)  in  200  ml  water.  The  gaseous  products 
escaping  from  the  reactor  did  not  condense  at  -80°C.  Seme  of  the  gaseous 
material  was  collected  in  an  evacuated  infraured  gas  cell  and  submitted  for 
analysis.  The  infrared  spectrum  showed  that  the  material  was  difluorodiazine 
contaminated  with  traces  of  nitrous  oxide  (NgO). 

d.  Attmnpted  Preparation  of  Bromochlorofluoramine 

One  gram  of  ethyl  N-bromo-N-fluorocarbamete  (0.006  mole) 
was  added  in  drops,  with  stirring,  to  58  ml  of  5*5?^  aqueous  sodium  hypochlorite 
(0.024  mole  NaOCl)  at  5  to  10°C  over  a  period  of  5  ®in.  The  reaction  occurred 
instantaneously,  with  deposition  of  a  yellow  liquid  which  subsequently  evaporated. 
The  product  was  collected  in  a  -80°C  trap  coiuiected  in  series  with  the  reactor. 

At  the  end  of  the  run  this  liquid  amounted  to  O.5  ml.  The  infrared  spectrum  of 
this  material  showed  that  it  was  dichlorofluoramlne. 

In  another  experiment,  8.85  g  of  5-25^  aqueous  sodium 
hypocli.l orite  (0.0G6  mole  NaOCl)  was  added  in  drops,  with  stirring  at  0°C,  to  1  g 
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(0.006  mole)  of  ethyl  N-bromo-N-fluorocarbamate  over  a  period  of  5  min  resulting 
in  a  vigorous  evolution  of  gas*  The  gaseous  material  was  passed  through  a  -80  C 
trap  and  collected  in  an  evacuated  Infrewed  gas  cell.  The  infrared  spectrum 
showed  that  the  gaseous  product  vfas  pure  dlfluorodiazlne.  At  the  end  of  the  run, 
the  -80°C  trap  contained  seme  yellow  solid  which  melted  on  removal  of  the  cooling 
bath.  This  material  was  identified  (U.V. )  as  elementary  bretnine. 

e.  Reaction  Between  Ethyl  N- Fluor ocarbamate  and 

Phosphorus  Pentachloride 

A  mixture  of  6.0  g  of  ethyl  N-fluorocsu-bamate  (0.06  mole) 
and  21  g  of  phosphorus  pentachloride  (O.l  mole)  was  placed  in  a  50-ml  round- 
bottemed  three-necked  flask  equipped  with  a  magnetic  stirrer,  nitrogen  inlet 
tube,  and  dry  ice-acetone  reflux  condenser.  The  mixture  was  warmed  up  to  JO  - 
75°C,  and  an  exothermic  reaction  began  which  lEisted  for  5  to  10  min.  The  reaction 
product  refluxed  from  the  dry  ice-acetone  condenser.  The  reaction  mixture  was 
kept  at  70  to  75°C  for  5  hr.  During  this  time,  0.5  ml  of  a  yellow  liquid  escaped 
from  the  reactor  and  condensed  in  a  -80°C  trap  connected  in  series  with  the 
reaction  flask.  The  reflux  condenser  was  allowed  to  warm  up  to  roan  temperature, 
and  aspirator  vacuum  was  applied  to  the  reaction  flask.  After  JO  min,  9*5  ml  of 
pale-yellow  liquid  accumulated  in  the  -8o°C  trap.  This  fraction  was  combined 
with  the  0.5  ml  of  the  volatile  product  obtained  previously,  and  the  product 
was  fractionated. 

(1)  b.p.  to  50°C  (pot  tonp.  50  to  100°C)  1.5  ml 

(2)  b.p.  55  to  50°C  (pot  temp.  120  "o  125°C)  I.5  ml 

(3)  b.p.  50  to  55°C/20  mm  5  ml 

(4)  b.p.  25°C/0.1  to  0.5  lan  2  ml 

Products  of  8lL1  fractions  were  submitted  for  infrared  and  gas  chromatographic 
analysis.  It  was  found  that  Fractions  (l)  emd  (2)  were  similar  and  contained 
three  components.  Fractions  (3)  and  (4)  contained  50  to  JOi  phosphorus  oxy¬ 
chloride.  Work  is  in  progress  to  separate  and  identify  all  reaction  products. 
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f.  Reactions  of  N,  N-Difluorourea  with  Phosphorus 

Pentachlorlde  euid  Phosphorus  Pentoxlde 

Phosphorus  pentachlorlde  (8.4  g;  9*0^  mole)  was  placed 
into  a  25-inl,  three-necked,  round-bottcmed  flask  equipped  with  a  magnetic 
stirrer,  dropping  funnel,  euad  a  gas-exit  tube  leading  to  a  -80°C  trap.  A 
solution  of  5*0  g  of  N,  N-dlfluorourea  (O.OJl  mole)  in  6  ml  of  ethylene  chloride 
was  placed  in  the  dropping  funnel  and  euided  in  drops  to  PCl^  at  0  to  5*^C,  with 
stirring.  No  noticeable  reaction  occurred  until  the  mixture  was  greuiually 
warmed  up  to  4o°C,  at  which  point  a  slow  gas  evolution  began  and  continued  for 
about  45  min.  At  the  end  of  this  period,  the  -80°C  trap  contained  2.0  ml  of  a 
colorless  liquid.  The  material  boiled  readily  when  the  cooling  bath  was  removed, 
and  the  low-boiling  product  (l.O  ml)  was  condensed  in  another  -8o°C  trap.  The 
low-boiling  liquid  was  identified  (infrared  spectrum)  as  pure  dlfluoramlne.  The 
high-boiling  liquid  (l.O  ml)  was  found  to  be  ethylene  chloride. 

In  another  experiment,  the  mixture  of  N,  N-dlfluorourea 
and  phosphorus  pentachlorlde  in  ethylene  chloride  was  allowed  to  stand  at  roan 
temperature  overnight.  Again,  dlfluoramlne  contaminated  only  with  some  ethylene 
chloride  was  obtained  and  condensed  in  a  -80°C  trap  connected  in  series  with  the 
reactor. 

When  a  solution  of  5.0  g  of  N, N-dlfluorourea  (0.05  mole) 
in  6.0  ml  of  ethylene  chloride  and  6.5  g  of  phosphorus  pentoxide  (0.045  mole  was 
warmed  up  to  4o°C  and  kept  at  this  temperature  for  6o  min,  1.0  ml  of  colorless 
liquid  escaped  from  the  reaction  flask  and  condensed  in  a  -80°C  trap  connected 
in  series  with  the  reactor.  This  mixture  contained  0.7  ml  of  dlfluoramlne  and 
0.5  ml  of  ethylene  chloride. 

D.  REACTION  OF  DICHLCROFLUCRAMINE  WITH  TETRAFLUCROHYrRAZINE*  (P.M.  Hoff) 

The  reaction  of  dichlorofluoramine  with  tetrafluorohydrazine  was 
attempted,  with  the  objective  of  prei>aring  chlorotrifluorohydrazine,  a  potentially 
valuable  intermediate.  A  reaction  took  place  readily  at  0°C,  when  dichloro¬ 
fluoramine  was  treated  with  excess  tetrafluorohydrazine.  The  dichlorofluoramine 
was  consumed,  and  a  new  material  with  approximately  the  same  boiling  point  was 

*Aero Jet-General  Report  No.  0255-01-lj  l4  July  I96I,  p.  51  (Confidential). 
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formed.  However,  this  material  deccoposed  ccmpletely  after  severed  hours  at 
room  temperature,  with  the  formation  of  chlorine,  ^2^2*  products  of  attack 
on  glass. 

The  boiling  point,  spectral  properties,  and  deconposition  products 
of  this  material  are  in  line  with  those  expected  for  chlorotrifluorohydrazine. 
However,  the  observed  instability  indicates  considerable  difficulty  in  synthetic 
applications.  Dichlorofluoremine  was  found  to  be  relatively  stable  under  the 
conditions  in  the  above  reaction. 

E.  REACTION  OF  TETRAFLUOROHYDRAZINE  WITH  ANIONS*  (K.  Baum) 

The  oxidation  of  sodium  2- propane  nitronate  with  tetrafluorohydrazine 
has  been  reported  to  give  2, 3”dinitro-2, 3-dimethyl-butane.  In  order  to  avoid 
this  coupling  reaction,  salts  of  1, 1-dinitroalkanes  were  used  as  starting 
materials  and  new  NF  compounds  were  obtained.  Evidence  has  since  been  pre¬ 
sented  that  these  compounds  are  1-fluoroazoxy-l,  l-dlnitro-alkanes, 

R-C(N02)2  N  =  NF.  Analytical  data  obtained  at  Aerojet-General  agree  with 

this  assignment. 

During  the  past  year,  limited  additionsLL  investigations  were 
carried  out  in  this  area.  When  the  reaction  of  sodium  2-propanenltronate  with 
tetrafluorohydrazine  was  carried  out  in  the  presence  of  sodium  nitrite,  some 
2, 2-dlnitropropane  was  formed,  suggesting  an  intermediate  that  can  be  trapped 
by  anions. 

An  attempt  to  react  the  salt  of  fluorodinitromethane  (from  the  in 
situ  deformylation  of  2, 2-dinltro-2-fluoroethanol)  was  tmsuccessful.  It  was 
shown  that  the  alcohol  did  not  deformylate  under  these  conditions. 

The  effect  of  ultraviolet  radiation  on  the  reaction  of  1,  l-dinitrc- 
butane  and  tetrafluorohydrazine  in  the  absence  of  solvent  was  examined.  The 

Aerojet-General  Report  No.  0235-01-9,  15  Jsmuary  I96I,  p.  7  (Confidential). 

Rohm  8s  Haas  Co.,  Qaarterly  Report  on  Synthetic  Chemistry,  P  56-55^  Pa^rt  II, 

January  1959  (Confidential). 
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reaction  was  carried  out  at  ambient  temperature  using  an  unfiltered  Pen-Ray  lamp. 
Oxides  of  nitrogen  and  water  were  formed,  although  most  of  the  starting  material 
was  recovered  unchanged. 

The  reaction  of  sodium  phenoxide  with  tetrafluorohydrazine  in 
methanol  was  also  studied  briefly.  A  dark-green  solid  that  contained  only  a 
trace  of  nitrogen  was  Isolated. 

F.  DERIVATIVES  OF  2, 2-DIia;TR0-2-PLU0R0ETHAN0L*  (O.S.  Schaeffler) 


2, 2-Dinitro-2-fluoroethanol,  which  can  be  synthesized  readily  by  the 
aqueous  fluorination  of  alkali  salts  of  dinltroethanol,  is  a  convenient  starting 
material  for  the  synthesis  of  new  high-energy  monomers  smd  plasticizers.  Thus, 
bi8-2, 2-dlnltro-2-fluoroethyl  formal  is  being  examined  as  a  polyurethane  plasti¬ 
cizer  on  other  programs.  The  reaction  of  2, 2-dinitro-2-fluoroethanol  with  vinyl 
acetate  was  carried  out  to  prepare  bls(2, 2-dlnltro-2-fluoroethyl)  acetal,  another 
potential  plasticizer.  Methylene  chloride  was  used  as  the  solvent,  and  sulfuric 
acid  and  mercuric  oxide  were  used  as  the  catalysts.  The  product  was  a  liquid, 
b.p.  118.5  to  119°C/0.5  mm  Hg. 


The  first  monomer  based  on  this  energetic  alcohol,  2,  2-dinitro-2- 
fluoroethyl  acrylate,  has  been  prepared  both  by  the  reaction  of  2, 2-dinitro-2- 
fluoroethanol  and  acrylyl  chloride  and  by  the  esterification  of  2,  2-dinitro-2- 
fluoroethanol  and  acrylic  acid  in  polyphosphoric  acid. 


bls(2-Fluoro-2, 2-dinitroethyl)nitramlne  has  been  synthesized  by  the 
following  reaction  sequence: 


Aerojet-General  Reports  No.  0255-01-9,  15  January  I96I;  No.  0255-01-10,  l4 
April  1961  (Confidential). 

Aero Jet- General  Report  No.  0255-01-6,  I6  April  I96O,  p.  5  (Confidential). 

Page  59 


CONFIDENTIAL 


CONFIDENTIAL 


II  Technical  Progress,  P  (cont.) 


Report  No.  2099 


NOg  NOg 

N-[cH2C(N02)2Brj2  +  KI  - >  N- [cH2C(N02)2k]2 

NOg  NOg 

N-[cH2C(N02)2Kj2  +  Pg  - »  N-[cH2C(N02)2f]2 

The  dipotasslum  salt  of  bl8(2, 2-dlnitroethyl)nitrainlne  was  prepared 
by  the  method  of  Klager,  which  consists  of  the  Mannich  reaction  of  potassium 
dinitroethanol  with  ammonia,  followed  by  bromlnatlon,  nitration,  and  debrcaiina- 
tion.  The  product  of  the  reaction  was  suspended  in  water  and  fluorlnated  at  l8 
to  20°C  to  give  bls(2-fluoro-2, 2-dinitroethyl)nitramine.  This  material  was  a 
white  solid,  which  melted  at  84  to  85°C  after  a  recrystallization  from  methylene 
chloride. 

0.  HYTRAyiNE  SALTS  OP  NITRAMINES  (K.  Baum) 

1.  Discussion 

Hydrazine  perchlorate  and  hydrazine  nltrotormate  are  currently 
recei%'lng  considerable  attention  as  solid  oxidizers  for  hlgh-speclfic-lmpulse 
composite  propellants.  The  former  salt,  however,  has  rather  poor  impact  sta¬ 
bility,  while  the  latter  has  poor  thermal  stability.  Another  class  of  8s0.ts 
which  has  been  overlooked  for  this  purpose  makes  use  of  the  acidic  hydrogens  of 
primary  nltramines.  This  area  was  investigated  briefly  in  the  hope  of  overcoming 
these  drawbacks. 

The  hydrazine  salt  of  n-butylnitramine  was  used  as  a  model 
compound.  Equivalent  amounts  of  hydrazine  and  n-butylnitramlne  were  mixed  in 
methanol  anl  the  solution  was  stripped.  The  product,  mp  75-78°C,  had  an  impact 
stability  equivalent  to  RDX,  and  differentisuL  thermal  analysis  (DTA)  showed  an 
exotherm  at  l80°C. 

When  this  reaction  was  extended  to  methylenedinltramine,  the 
dihydrazine  salt  was  formed.  The  imjjact  stability  of  this  salt  was  55  cm/2  kg 
(vs  30  to  35  cm  for  RDX),  and  the  DTA  showed  an  endotherm  at  130°C  and  no 

Klager,  J.  Qrg.  Chem.,  23,  1519  (1958). 
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exotherm.  The  ccmpound  underwent  an  api>arent  crystalline  phase  change  at  110°C, 
and  melted  and  sublimed  at  l47°C.  Bie  crystal  density  was  I.69  g/cc. 

2.  Experimental 

a.  Hydrazine  Salt  of  n-Butylnltramlne 

A  solution  of  0.02  mole  of  hydrazine  in  50  ml  of  methanol 
was  added  to  a  solution  of  2.36  g  (0.02  mole)  of  n-butylnltramlne  in  30  ml  of 
methanol.  TSie  resulting  homogeneous  solution  was  evaporated  to  dryness  using  an 
aspirator  to  give  a  white  solid  which  was  dried  under  vacuum.  The  product,  mp 
75  to  78°C,  h€id  an  Impact  stability  of  35  cm/ 2  kg.  The  DTA  showed  an  exotherm 
at  180°C. 


b.  Dibydrazlne  Salt  of  Methylenedinitramlne 

A  solution  of  0.150  mole  of  hydrazine  in  25  ml  of 
methanol  was  added,  in  drops,  to  10.2  g  (0.075  mole)  of  methylenedinitramlne  in 
75  ®1  of  methanol.  A  slightly  yellow  precipitate  sepeurated,  and  %»as  filtered, 
washed  with  cold  methanol,  and  dried  under  vacuum.  The  product  consisted  of 
12.8  3  {B6i  yield)  mp  l46°C  (with  sublimation),  phase  change  at  110°C;  density 
1.69  g/ml;  impact  stability  55  cm/2  kg;  DTA  gave  an  endotherm  at  130°C. 


An  analyticcLl  sample  was  prepared  by  dissolving  a 
sample  of  the  salt  in  water  and  slowly  precipitating  it  by  the  addition  of 
methanol . 

Anal,  calc'd  for  CHj^gN0O^:  C,  6.00;  H,  6.00;  N,  5^.00 

Found:  C,  5.6O;  H,  6.85;  N,  56.80. 

III.  SUMMARY  AND  CONCLUSIONS 

A.  REACTIONS  OF  KFLUORAMINE 


1.  gem-Difluoramines  may  be  prepared  by  the  reaction  of  HNFg  and 
sulfuric  acid  with  a  variety  of  ketones,  aldehydes,  and  acetylenes. 

2.  Most  simple  ketones  (acetone,  cyclopentanone,  and  5-pentanone) 
react  readily  fco  give  good  yields  of  the  products,  but  structural  features  pose 
some  limitations  (acetophenone  and  camphor). 
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3.  The  reactions  of  dlketones  are  ccoiplex.  1;  4-Cyclohexanedione 
behaves  normally  but  open-chain  1,  If-dlketones  (aoetanylacetone)  result  in  cycliza- 
tlon.  1,2-  and  1, 3“dlketone8  also  behave  abnormally. 

4.  A  single  halogen  a-  to  the  ketone  function  (chloroacetone)  does 
not  interfere  with  the  reaction.  An  a-hydroxyl  group  (acetol)  enters  into  the 
reaction.  A  lactone  is  formed  from  a  7-keto  acid  (levullnic  acid). 

5.  Polynitro  ketones  (5- [trlnitromethylj cyclohexanone,  5^5,5- 
trlnltro-2-pentanone,  and  5,  5-dinitro-2-hexanone)  do  not  react,  but  reaction  does 
occur  with  certain  p-nitro  ketones  ( 5-nitro-2-hexanone  is  normal,  5“®ethyl-5- 
nltro-2-hexanone  is  abnormal). 

6.  Acid-catalyzed  Michael  aidditions  occur  with  acrylic  acid 
(to  give  p-difluoramino  pfoplonic  acid)  and  methyl  vinyl  ketone  (to  give  1,3/3" 


trie  l^di  f  luoramino 


ij  butane ) . 


7.  The  products  obtained  from  aldehydes  depend  mairkedly  on  the 
strength  of  the  sulfuric  acid  used.  gem-Difluoramines  are  obtained  with  fuming 
sulfiric  acid,  but  a,a'-bi8(difluoramlno)ether8  are  often  encountered  with  con¬ 
centrated  sulfuric  acid.  bi8(Difluoramino)methane  euad  1,  l-bis(dlfluoramino)pro- 
pane  have  been  prepeured  from  formaldehyde  emd  propioneldehyde,  respectively. 

8.  Acetylenes  which  react  to  give  gem- di f luoramines  include  pro- 
pargyl  chloride  (to  give  l-Chloro-2, 2-bi8^dlfluoramino jpropane),  1-hexyne  (to  give 
2, 2-bis j^difluoraminojhexane),  euid  3"hexyne  (to  give  3>  5~tlR  [difluoramlnojhexane) . 

B.  AQUEOUS  FLUORINATION 

1.  Alkylureas  are  selectively  fluorinated  at  N-H  bonds  in  aqueous 
solution.  Two  products  are  often  formed;  N-alkyl-N', N'-difluoroureas  and  alkyl 
dif luoramines  by  the  fluorinatlve  cleava^^e  of  the  N-alkylamlno-carbonyl  linkage. 

N, N'-lUalkylureas  give  predominately,  the  alkyl  dif luoramines. 

2.  Arylureas  are  cleaved  at  the  aryl-nitrogen  bond  to  give  di- 
fluorourea,  and  a  complex  mixture  of  materials. 

3.  Fluorlnatlon  of  N-substltuted  acetamides  and  formamides  is  not 
as  selective  as  the  ureas.  N-Methyl  amides  undergo  only  N-H  fluorination  but 
higher  alkyl  groups  are  attacked  at  C-H  linkages  also. 
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4.  N,  N-Dlfluorourea  is  formed  during  the  fluorlnatlon  of  cyana- 
mlde  and  guanidine  sulfate. 

C.  ERBPARATION  AND  REACH  OHS  OF  N-FLU0R0CARBAMATB3 

1.  Fluorinatlon  of  allsyl  carbamates  in  aqueous  solution  leads 
to  a  mixture  of  alkyl  N-fluoroceurbamates  emd  HHFg.  Evidence  indicates  that  the 
source  of  HTiFg  is  the  alkyl  N,  N-dlfluorocarbamates,  which  are  hydrolytically 
unstable. 

2.  TSie  alkyl  N-fluorocarbamates  react  with  alkalis  at  0  to  10°C 
to  form  solutions  of  the  salts  frco  which  the  starting  materials  can  be  recovered 
upon  acidification.  Solutions  of  the  salts  are  not  stable  at  20  to  25°C.  Among 
the  decomposition  products  is  sodium  fluoride. 

3*  Tlie  salts  of  alkyl  N-fluorocarbamates  undergo  sJJcylation 
([chJ  gSOj^),  carbethoxylation  (ClCOgCgH^),  and  halogenation  (Clg,  Br^)  at  the 
nitrogen  atom. 

4.  Reaction  of  ClNPCOgCgH^  with  sodium  hypochlorite  is  a  simple 
method  for  the  preparation  of  ClgNF.  However,  it  has  not  been  possible  to 
isolate  BTgNF  from  the  reaction  of  ethyl  N-fluorocarbamate  and  sodium  hypobrcan.ite, 
or  BrClNF  from  the  reaction  of  ethyl  N-bromo-N-fluorocarbamate  with  sodium 
hypochlorite. 

5*  Although  earlier  work  demonstrated  that  N-fluoro-N-nitro 
compositions  can  be  formed  by  fluorinatlon  of  the  salts  of  primary  nitramlnes, 
this  former  class  of  compounds  is  not  formed  by  the  nitration  of  alkyl  N-fluoro¬ 
carbamates  by  ethyl  nitrate  and  acid. 

6.  Displacement  of  fluorine  from  nitrogen  is  noted  in  the  reaction 
of  diethylamlne  with  ethyl  N-fluorocarbamate  to  yield  N-C8u:bethoxy-N',N' -diethyl 

hydrazine . 

7.  Unidentified  materials  were  obtained  from  the  reaction  of  PCl^ 
with  ethyl  N-fluorocarbamate. 

8.  Attempts  to  use  N-fluorocarbamates  as  fluorinatlng  agents  have 
nob  been  successful. 
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9.  Attempts  to  prepare  dlalkyl  N,  N'-dlfluorohydrazodicarboxylate 
from  the  salt  of  ethyl  N-fluorocarbamate  and  ethyl  N-brcmo-N-fluorocarbamate  gave, 
Instead,  diethyl  N-fluorlmlnodlcarboxylate.  The  same  product  was  obtained  In  the 
attempted  preparation  of  diethyl  perfluorotrlazenedlcarboxylate  from  ClgNP  and 
two  moles  of  the  salt  of  ethyl  N-fluorocsurbamate. 

D.  REACTION  OP  DICHLQROPLUCRAMINE  WITH  NgPj^ 

A  reaction  occurs  between  ClgNF  and  NgF^  at  0°C.  A  product  Is  formed 
which  deccmposes  upon  standing  for  several  hours  at  rocm  temperature.  It  has  not 
been  possible  to  establish  whether  or  not  this  material  Is  the  desired  FgNNPCl. 

E.  REACTION  OF  TETRAFLUCROHYDRAZINE  WITH  ANIONS 

1.  Reaction  of  sodium  2-propanenltronate  and  NgFj^  In  the  presence 
of  sodium  nitrite  gave  2, 2-dlnltropropane. 

2.  An  uncharacterized  solid,  containing  only  a  trace  of  nitrogen, 
is  formed  in  the  reaction  of  NgFj^  with  sodium  pbenoxlde. 

F.  DERIVATIVES  OF  2,2-DINITRO-2-ELUQROETHANOL 

1.  bis(2, 2-Dlnitro-2“fluoroethyl)acetal  and  2, 2-dlnltro-2-fluoro- 
ethyl  acrylate  have  been  prepeu-ed  by  the  reactions  of  fluorodinitroethanol  with 
vlnj-^l  acetate  and  acrylyl  chloride,  respectively. 

2.  Tlie  potential  plasticizer,  bls-(2-fluoro-2, 2-dinitroethyl)- 
nltramine,  has  been  prepared. 

G.  HYDRAZINE  SALTS  OF  NITRAMINES 

Two  hydrazine  salts  of  nltramlnes  were  prepared.  The  salt  of  n- 
butyl-nltramine  served  as  a  model  for  the  preparation  of  the  dlhydrazine  salt  of 
methylene-dinltramlne.  The  latter  compound  appeared  attractive  as  a  solid  oxi¬ 
dizer  for  composite  propellants. 
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IV.  RECOMMEWDAnOHS  FOR  lUIURE  WORK 

A.  REACTI(»S  OF  DIFIUORAMENE 

1.  The  scope  of  the  reaction  of  HRPg-sulfhric  acid  with  ketones, 
aldehydes,  and  acetylenes  should  be  Investigated  further.  The  Influence  of 
various  substituents  and  structural  features  upon  the  reaction  should  be  studied 
to  ascertain  the  mechanistic  Implications. 

2.  The  chemistry  of  gem-dl f luoramlnes  should  be  studied  to 
ascertain  the  chonlcal  behavior  of  the  compounds.  Elucidation  of  this  behavior 
will  enable  subsequent  transfbrmations  to  be  carried  on  so  that  new,  useful 
materlsds  can  be  prepared. 

3.  Solvents  other  than  concentrated  and  fuming  sulfuric  acids  are 
desirable.  Therefore,  efforts  should  be  devoted  to  a  study  of  various  solvent 
systems . 

B.  AgJEOUS  FLUQRINATIONS 

1.  The  effects  of  veuricus  substituents  euid  structural  features 
upon  the  course  of  aqueous  fluorlnatlon  should  be  examined  further.  This  studj-^ 
should  greatly  extend  the  scope  of  the  reaction  and  enable  its  extensive  use  In 
the  preparation  of  NF  compositions. 

2.  The  novel  fluorinatlve  degradation  noted  with  substituted 
ureas  and  carbamates  should  be  extended  to  determine  applicability  for  the 
preparation  of  compounds  with  high  NFg  content. 

3.  The  chemistry  of  the  partleilly  fluorinated  compounds  obtained 
by  the  aqiieous  fluorlnatlon  technique,  such  as  ethyl  N-fluorocEurbamate,  requires 
more  thorough  study.  Information  obtained  to  date  suggests  that  this  study  may 
lead  to  new  or  attractive  alternate  routes  to  NP  compounds. 

C.  PREPARATION  OF  CHLC»OTBIFLUQROHYERAZINE 

Additional  effort  should  be  devoted  to  the  reaction  of  tetrafluoro- 
hydrazine  and  dichlorofluoramlne  to  establish  conclusively  whether  or  not  chloro- 
trifluorohydrazine  is  a  product.  If  chlorotrlfluorohydrazine  is  present,  the 
physical  properties  of  the  material  should  be  thoroughly  cheuracterized  and  its 
chemistry  investigated. 
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NMR  Spectrum  of  2,2-bi6(Dif luoramino)hexane 
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Figure  4 


N^•l  Spectrum  of  5, 5- bis (Difluor amino) hexane 


NMR  Spectrum  of  2,2-bi6(Difluoramino)hexane 
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Figure  b 
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NMR  Spectrum  of  5, 5-bi8(Difluoramino) hexane 
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